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The face of places, and their forms decay; 
And that is solid earth, that once was sea; 
Seas, in their turn, retreating from the shore; 
Make solid land, what ocean was before. 
Ovid, Metamorphoses, XV 
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The dolostones and dolomitic limestones of the Middle Cambrian 
Blacksmith Formation were studied in the Bear River and Malad Ranges 
and the Wellsville Mountains of north-central Utah. The depositional 
textures and sedimentary structures retained within the rocks form the 
basis of subdivisions of measured sections, interpretation of deposi-
tional paleogeography, and reconstruction of environments. 
Other studies of modern carbonate environments and their ancient 
analogues provided the basis for interpretation of the depositional 
textures found within the rocks of the Blacksmith Formation. Four 
identifiable lithofacies were recognized within the study area. These 
facies include: (1) oolite shoal; (2) restricted lagoon; (3) low- to 
middle-intertidal; and (4) high-intertidal to supratidal environments. 
These four facies have an areal distribution that was controlled by 
the interactions of: (1) vertical buildup of carbonate platform; 
fluctuation of sea level; and (3) subsidence. 
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The general environment of deposition is inferred to have been 
an isolated carbonate bank located in a marginal sea west of the 
craton. The carbonate bank was characterized by low-lying tidal flats 
surrounded by low- to middle-intertidal regions and a restricted 
lagoon, with oolite shoals forming a barrier that limited water 
movement on the bank. 
Early diagenetic features include fibrous rim cement, fenestral 
fabric, and minor compaction. Secondary diagenetic changes are 
dominated by the dolomitization of most of the Blacksmith Formation 
within the study area. 
Dolomitization is believed to result from downward reflux of 
hypersaline brines. The hypersaline brine formed in the intertidal 
and supratidal environments and percolated into the porous carbonate 
sediments. Due to the density of the brine, the descending brine 
displaced marine and other less dense pore waters. The dolomite 
distribution is in part due to facies control of the brine movement. 
Outward movement of the brine, and subsequent decrease in the Mg:Ca 
ratio, are also inferred to be controlling factors in the distribution 




The Middle Cambrian Blacksmith Formation is a massive dolostone 
and dolomitic limestone sequence which forms steep slopes and sheer 
cliffs in the Bear River and Malad Ranges and the Wellsville Mountains 
of north-central Utah. First named in 1908 by C. D. Walcott, the 
Blacksmith Formation was redefined by Deiss (1938), and later 
described by Maxey (1941). In each case the work with the Blacksmith 
Formation was in conjunction with descriptions of the entire Cambrian 
stratigraphy of the area, 
There has been no detailed study of the Blacksmith Formation 
itself. Many questions remained about the original depositional 
environment, post-depositional diagenetic events, processes of 
dolomitization, and the paleogeographic setting at the time of 
deposition. 
Purpose of Investigation 
The objectives of this study were: (1) to measure and describe in 
detail nine sections of the Cambrian Blacksmith Formation of north-
central Utah; (2) to reconstruct the environments of deposition and the 
paleogeographic setting; and (3) to determine the sequence of diagenetic 
events, including dolomitization, and attempt to fit the data to a 
published model of dolomitization. 
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Location of Study Area 
The study area extends from the Utah-Idaho border, to the north, 
south to 41° 20' N latitude, a distance of 70 kilometers. The western 
boundary is 112° 15' W longitude, at the western edge of the Malad 
Range. The eastern boundary is at 111° 20' W longitude on the western 
shore of Bear Lake. The study area encompasses a region of over 5250 
square kilometers, with Logan and southern Cache Valley centrally 
located within the area (Fig. 1). North of the Idaho-Utah border, the 
Blacksmith Formation is currently under detailed study by Zelazek (in 
preparation). The Blacksmith Formation is poorly exposed in the areas 
east, west, and south of the study area. 
Seven sections were measured in the Bear River Range, a north-
south trending extension of the Wasatch Range east of Cache Valley. 
The outcrop belts, which trend NNE-SSW, are exposed on the flanks of 
the Logan Peak syncline. The outcrops on the west side of the 
syncline, along the western mountain front, dip eastward, whereas 
the outcrops along the eastern flank of the syncline dip to the west. 
Of the remaining two sections, one was measured in the Malad 
Range, and the other in the Wellsville Mountains. These two steep, 
fault-block mountain ranges have a general NNW-SSE trend, with good 
outcrops on the flanks. Although outcrops are well-exposed and 
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FIG. 1.-Index map showing outcrops of the Blacksmith Formation (in 
black), and the location of the measured sections (numbered). 
Sections 1, 5, 7, 8, and 9 were measured on relatively steep 
mountain flanks with little or no vegetation cover. Sections 3 and 6 
were in partly forested regions with limited outcrops. The remaining 
sections were measured along well-exposed ridge crests. 
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With the exception of Sections 1 and 9, all localities measured 
are within the boundaries of the Cache National Forest. Section 1 is 
located in the Caribou National Forest, and Section 9 is on property 
privately owned by the Hyrum L.D.S. Stake. County and Forest Service 
roads provided access to all sections to within a few kilometers. Only 
Section 6 required a vehicle with high ground clearance to navigate 
the deep ruts and large rocks of the access road. 
Geologic Setting 
Starting in the Late Precambrian and Early Cambrian, and continuing 
to the end of the Devonian, western North America was dominated by the 
Cordilleran miogeosyncline. The eastern margin of the miogeosyncline 
fluctuated somewhat, but in general lay along a north-south trending 
line through central Utah, eastern Idaho, and western Montana. Areas 
farther east received shelf sediments intermittently (Gilluly, 1963). 
Cambrian deposits in this region are characterized by a basal sandstone 
or quartzite, overlain by a thin shale, succeeded by thick carbonate 
sequences. 
The broad carbonate platform which dominated the study area and 
the rest of the region during Middle and Late Cambrian time is thought 
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to have resulted from a combination of factors. First was the forma-
tion of a broad continental terrace composed largely of terrigenous 
sediments of Late Precambrian and Early Cambrian age (Stewart, 1972, in 
Kepper, 1972). Second was the lack of terrigenous influx due to the 
low relief of the craton (Hintze, 1973). Lastly, paleomagnetic data 
suggest that the area was located within the warm lower latitudes in 
which carbonate production abounds (Scotese and others, 1979; Ziegler 
and others, 1979). 
Locally the carbonate accumulation was approximately 2600 to 5300 
feet (Hintze, 1973). During the Middle Cambrian and early Late 
Cambrian in the eastern Great Basin region, a broad linear, generally 
north-trending shoal separated deeper waters of an open shelf on the 
west from a wide, shallow shelf-lagoon to the east (Kepper, 1972). 
Lochman-Balk (1970) proposed four major regressions for the Late 
Cambrian, the first of which climaxed the Bolaspidella faunal zone to 
close the Middle Cambrian. The onset of this regression occurred at 
the boundary between the Bathyuriscus-Elrathina and Bolaspidella faunal 
zones. This coincides closely with the start of deposition of the 
Blacksmith Formation (Hintze, 1973). These regressions are marked by 
rapid extinction of trilobite fauna, and a change in deposition from 
bioclasticlimesediments to a series of thin, green to brown-gray 
shales, interbedded with thin platy limestones (Lochrnan-Balk, 1970). 
This idea is compatible with the conclusion of Kepper (1972) that the 
influx of terrigenous material during the latter part of the Middle 
Cambrian and early Late Cambrian was due to regression. 
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Geographic Setting During the Cambrian 
By using paleomagnetic information to orient the continents, 
Scotese and others (1979) and Ziegler and others (1979) placed western 
North America within 15° north of the equator during the Cambrian. 
Seyfert and Sirkin (1979) located western North America between 0° and 
10° south latitude during the Cambrian. Although there is slight 
discrepancy as to the exact location of the equator in Cambrian times, 
both studies place western North America within the equatorial belt. 
North-central Utah probably was at a latitude of less than 10°, either 
north or south of the equator, during the deposition of the Blacksmith 
Formation. Ziegler and others (1979) state that the abundance of 
coarse elastic sediments along the edge of the craton in the low 
latitudes suggests that the equatorial rainy belt was established by 
Cambrian time. There was also a lack of evaporites near the paleo-
equator, but they were present between 10° and 30° latitude (Ziegler 
and others, 1979), again suggesting development of the equatorial 
rainy belt. 
Seyfert and Sirkin (1979) stated that although climatic belts may 
shift and change in size, it is likely that the earth has always had a 
cool or cold climate at the poles and a warm, moist climate near the 
equator. They also suggested that the present prevailing wind 
directions are nearly the same as they were in the past. 
The evidence indicates that the paleoclimate for western North 
America during Cambrian time was humid sub-tropical to tropical. 
Field and Laboratory Methods 
Locations of possible sections for detailed measurement were 
detennined using geologic maps of Williams (1948), Green (in prepara-
tion), Richardson (1913), Stokes (1961), and Stokes and Madsen (1961). 
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The sections were chosen in an attempt to set up a grid system to 
insure representative coverage of the study area. Other considerations 
in selection of possible sites were complete, unfaulted sections, good 
exposure, and relatively easy accessibility. The accessibility could 
be ascertained from maps, but one or two days of reconnaissance were 
required at each location to find suitable sections. The reconnais-
sance portion of the field work was carried out during the months of 
June and July, 1980. 
From August 3, 1980 to October 24, 1980, a total of 37 days were 
spent in the field, measuring and describing in detail nine strati-
graphic sections. The method of measurement, i.e., steel tape or Jacob 
staff, was determined at each location depending on outcrop attitude 
and accessibility. Seven sections were measured with a Brunton compass 
and a Jacob staff using the method described by Kottlowski (1965, p. 
61-64). Due to steep slopes and cliffs, the remaining two sections 
were measured using a Brunton compass and a 50 foot steel tape, as 
described by Kottlowski (1965, p. 112-119). 
David Zelazek (in preparation), working on the petrology of the 
Blacksmith Fonnation in north-central Utah and southern Idaho, 
participated in the measurement and description of Section 2 in High 
Creek Canyon. This section, common to both studies of the Blacksmith 
Formation, was measured jointly to standardize the field methods and 
descriptions used in the two studies, and to aid in the eventual 
synthesis of the two studies. 
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The description of each stratigraphic section included general 
rock types, color (Goddard, 1963), bedding thickness, and nature of 
contacts. Sedimentary features, both organic and non-organic, were 
included as well. Also noted were general directional trends in 
cross-laminae and ripples, extent of covered intervals, and degree of 
resistance to weathering. All sections measured were sampled at 
changes in lithology as well as at locations which would further aid in 
the understanding of the section and the formation in general. A total 
of 127 samples were collected from the 9 sections measured for this 
study. 
Upon completion of the field work, polished slabs were made from 
each of the 127 samples collected during the field study. In addition, 
56 thin sections were made from the samples collected at sections 1, 2, 
3, 4, 6, and 8. Two additional thin sections were made to aid in the 
identification of grain types in Unit 2 of Section 9. 
Both the polished slabs and thin sections were described in 
detail, with emphasis on: lithology; grain type, size, shape, and 
composition; matrix; cement; small scale structures, both organic and 
non-organic; and diagenesis. The petrographic study provided the 
detail necessary to determine inter-grain relations, grain 
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identification, and sequence of diagenetic events. The main objectives 
of the slab and thin section descriptions were to name the rock, to aid 
in the determination of the depositional environment, and to determine 
the sequence of diagenetic events. 
An 80 to 100 gram sample was obtained from each hand specimen 
collected. This sample was taken randomly in 122 of the hand specimens, 
but in the remaining 5 hand specimens, two samples were taken from 
each. These 5 hand specimens contained a change in lithology or 
deposition, e.g., storm rip-up vs. laminar bedding, coarse vs. fine 
crystalline, dark vs. light coloring, or secondary carbonate bands vs. 
matrix. Each of the samples obtained from the hand specimens was 
powdered to approximately 115 mesh in preparation for insoluable 
residue, x-ray, and chemical analyses. 
The amount of insoluble material present in each sample was 
determined by dissolution of the carbonate material using hydrochloric 
acid. Due to the large number of samples to be analyzed, disposable 
plastic cups were used instead of glassware during the dissolution of 
the carbonate material. To insure that the plastic cups did not 
produce extraneous results due to their composition, three samples 
were analyzed in both plastic cups and in laboratory glassware. The 
results of this comparison were within 0.2%. Ideally, 20 grams of 
powdered sample were used for the insoluble residue analysis. For 24 
of the samples however, this was impossible due to an insufficient 
amount of initial sample. Twenty-three of these were run with 10 gram 
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samples, and the remaining one with a 5 gram sample. The carbonate 
dissolution was achieved using 20% hydrochloric acid. The exhausted 
acid and subsequent rinse water were removed from the cup by a pipette 
attached to a weak vacuum. Using the pipette-vacuum apparatus, only a 
negligible amount of residue was lost during the fluid changes as 
compared with the decanting method. 
During the carbonate dissolution, several samples produced a dark, 
organic film which coated the wall of the container and the liquid 
surface (organic-rich samples are noted in Appendix B). To quantita-
tively determine the amount of organic material contained in the rock, 
a 5.25% sodium hypochlorite solution (Chlorox bleach) was added to one 
of the containers after the amount of insoluble residue had been 
determined. 
Once the insoluble material was dried and weighed (Appendix B), 
the composition was determined by x-ray diffraction. Samples were 
scanned from 2° to 35° 28 at 2° per minute on a Siemens Krystalloflex 
IV diffractometer, using nickel-filtered Cu Ka radiation at 35kV and 
16 ma. A water-insoluble residue slurry was placed on a glass slide 
and allowed to dry, resulting in a preferred orientation for the clays, 
with (001) parallel with the glass slide. This preferential orienta-
tion enhances the patterns of any clay minerals present in the 
insoluble residue. To differentiate the clay minerals present, 41 
samples were rescanned. Twenty of these were exposed to ethylene 
glycol vapor for 1 hour at 60° C to separate the montmorillonite 
group from chlorite and vermiculite clay minerals (Carroll, 1970). 
The ethylene glycol molecules expand the montmorillonite structure 
0 0 
from 14 A to 17 A but do not affect chlorite or vermiculite. The 
remaining 21 samples were heated for 1 hour at 550° C to collapse the 
structure of any kaolinite present, so the overlapping kaolinite-




In the first geologic study, the Cambrian section of northeastern 
Utah was mapped as undivided Cambrian rocks by geologists employed in 
the Fortieth Parallel Survey (King, 1878, p. 154; atlas map 3, in 
Deiss, 1938). 
Differentiation of the Cambrian section occurred in 1908 when, 
after two seasons of field work by Walcott, Weeks, and Burling in the 
Wasatch and Bear River ranges of Utah and Idaho, Walcott published the 
original Blacksmith Fork Cambrian section in conjunction with the 
Cambrian of the Cordilleran area (Walcott, 1908b, p. 190-200). In a 
separate paper published the same year, Walcott defined the new 
formations and designated the Blacksmith Fork section as the type 
section of the Blacksmith Fonnation (Walcott, 1908a, p. 7). Walcott 
(1908a, p. 7) incorrectly described the Blacksmith Fonnation as "gray 
arenaceous limestone in massive layers." 
In 1913, Richardson (1913, p. 406-408) published the Cambrian 
section of the Randolph quadrangle, in which he stated that the 
Cambrian section present in the Randolph quadrangle was essentially 
the same as that described by Walcott in Blacksmith Fork Canyon, Utah. 
He also defined the basal shale of the Middle Cambrian Bloomington 
Formation as the Hodges Shale member. The Hodges Shale member forms a 
distinctive unit marking the Blacksmith-Bloomington contact. 
The formation names of Walcott were reinforced in the literature 
by Mansfield (1927), in a publication of U. S. Geological Survey work 
in southern Idaho. He also recognized Richardson's Hodges Shale 
member. 
Deiss (1938), due to the vague descriptions and inconsistencies 
in Walcott's descriptions of the Cambrian units throughout the 
Cordilleran, emended several sections including the Blacksmith 
Formation. He noted that the Blacksmith Formation (Blacksmith 
Dolomite) was 
" . white-gray, dull steel gray, and in the upper 60 feet 
dark lead-gray, fine to medium grained, usually thick bedded 
dolomite and interbedded magnesium limestone." " ..• many 
beds are banded and contain blebs or irregular markings of 
white dolomite, and weather to white or dull-gray sugary 
surfaces, solution cavities, and sharp points on bedding 
surf aces." (Deiss, 19 3 8, p. 1145) 
The Blacksmith Formation (Blacksmith Dolomite) was mapped as a 
dolostone and dolomitic limestone by Williams (1948) in conjunction 
with the mapping of the Paleozoic rocks of the Logan quadrangle. 
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Maxey (1941, 1958) measured and described three sections of 
Blacksmith Formation (Blacksmith Dolomite) while studying the Lower and 
Middle Cambrian of northern Utah and southern Idaho. 
Holmes (1958), working in southern Idaho, suggested that, to end 
the confusion, the name "Blacksmith Formation" first proposed by 
Walcott (1908a) be used instead of the more recent names "Blacksmith 





The Blacksmith Formation is underlain by the Ute Formation and 
overlain by the Bloomington Formation. Both the Ute and the Blooming-
ton Formations are considered Middle Cambrian in age on the basis of 
the trilobite faunas present in each (Williams, 1948). Sandwiched 
between these two formations, the Blacksmith Formation must also be 
Middle Cambrian in age, .but fossil evidence is scant. The only 
fossils reported from the Blacksmith Formation are trilobites belonging 
to the Bathyuriscus-Elrathina zone (Denson, 1942, in Maxey, 1958). 
Contacts 
In the study area, the upper contact of the Blacksmith Formation 
is well delineated by the olive-green shale of the Hodges Shale member 
of the Bloomington Formation. The contact between the Blacksmith and 
Bloomington is believed to be conformable, with no break in deposition 
(Williams, 1948; Maxey, 1958). 
The lower contact, with the Ute Formation, is less well defined. 
Walcott (1980a, p. 7-8) defined the contact between the Ute and 
Blacksmith at the change from thin bedding below to thick bedding 
above. Mansfield (1927), working in southern Idaho, placed the 
contact between thin-bedded nonresistant limestone below and thick-
bedded resistant limestone above. Maxey (1941, 1958) and Williams 
15 
(1948) stressed the dolomitic composition as essential to the meaning 
of the term Blacksmith. Williams (1948) also mentioned the resistance 
to weathering and the thickness of bedding. 
The change from limestone to dolostone is a poor choice to define 
the contact. The dolomite is a post-depositional feature and not the 
result of primary deposition. The limestone-dolostone boundary cuts 
across bedding in many locations, and the depositional environment is 
inferred to be the same on both side of the lithologic change. 
In the present study, the lower contact was defined on the change 
up section from lesser to greater resistance to weathering and from 
thin to thick bedding. This definition of the contact coincides with 




The classification of general carbonate types was accomplished 
using a modified version of the classification proposed by Leighton 
and Pendexter (1962, p. 51). In the above classification scheme, a 
limestone is composed of more than 50% carbonate, of which 50% or more 
is calcite, and a dolostone is greater than 50% carbonate, with the 
carbonate fraction being at least 50% dolomite. The terms slightly 
calcareous or slightly dolomite are used to indicate that the rock 
contains 10% to 50% calcite or dolomite, respectively. If the non-
carbonate portion is in excess of 10%, modifiers are added to express 
its presence. 
Dunham's (1962, p. 117) classification of carbonate rocks was 
used in the naming of all samples collected (Appendix B). Terms to 
describe average grain size or grain size range, rounding of grains, 
and grain type(s) were added as modifiers. The grain size for all 
carbonate and terrigenous grains is given in metric units. 
Generally, diagenetic recrystallization and/or replacement has 
occurred throughout the Blacksmith Formation in the study area. No 
attempt was made to include diagenesis in rock names, unless the 
original depositional texture had been obliterated. In the case of 
unrecognizable original texture, the crystal size terminology of Folk 
(1965, p. 25) for recrystallized carbonate material was followed. 
The term peloid (McKee and Gutschick, 1969) is used to denote an 
allochem of microcrystalline carbonate of unknown mode of origin. 
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Grapestone (llling, 1954, p. 30) is an aggregation of pellets, peloids, 
or ooids into a grape-like cluster. An ooid is a concentrically 
laminated, spherical body, ranging in size from 0.25 to 2.00 mm in 
diameter. A pisolite is a spheroidal, concentrically laminated grain 
greater than 2.00 mm in diameter (Pettijohn, 1975, p. 83). The term 
intraclast refers to a fragment of penecontemporaneous carbonate 
sediment which has been eroded and redeposited. 
The terminology and classification of cryptalgal limestones and 
dolomites put forth by Aitken (1967) is used throughout this report for 
rocks fanned by noncalcareous algae. When cryptalgal fragmental 
carbonates were encountered, the term cryptalgal intraclast or 
cryptalgal rip-up clast was used, with appropriate size, rounding, 
and lithologic modifiers. 
The description of algal-stromatolites includes the abbreviated 
stromatolite structural form of Logan and others (1964). 
Fenestral fabrics were classified using the terminology proposed 
by Logan (1974). In this classification fine laminoid fenestral 
fabric has an average height and length of 1 mm and 5 mm to 30 nun, 
respectively. Medium laminoid fenestral fabric averages 1 mm to 5 mm 
in height and 10 mm to 30 mm in length. 
The classification of bed and laminae thickness found in Campbell 
(1967) was followed, with metric measurements of thickness included 
for clarity. 
Cross-stratification was described and classified using the 





To aid in the understanding of the depositional environments and 
subsequent diagenesis of the sediments comprising the Blacksmith 
Formation, determinations for insoluble .residue and organic material 
were performed. The results of the insoluble residue analyses are 
in Appendix B, organic data are listed in this section under the 
heading Carbonaceous Matter. 
Analysis of Insoluble Residue 
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Distribution of Insoluble Residues.-The mean insoluble residue content 
for the Blacksmith Formation within the study area is 2.2% by weight. 
The average amount for the limestones is 3.2%, whereas for the dolo-
stones, the mean value is 1.6%. Figure 2 presents the mean insoluble 
percent for each section; the value in parentheses is the raw, 
unadjusted mean of that section. The number directly above the raw 
mean is the weighted mean. This value has been adjusted to minimize 
the effects of samples which represent thin occurrences, and to 
maximize samples which are representative of the general nature of the 
section. This was done as follows: the vertical distribution 
represented by each sample was taken into account within each unit, 
ultimately giving a unit mean value for thickness; the unit-thickness 
to section-thickness ratio was then determined. Adjusting the unit 
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FIG. 2.-Percent insoluble residue for each section; percent given is 
the weighted average, the percent in parentheses is the raw 
mean, contour interval 1%. 
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means according to this ratio, a weighted mean for each section was 
determined. The weighted mean values were used in the contouring of 
Figure 2. 
A linear regression analysis was performed to determine if the 
amount of insoluble material present is a function of location within 
the section. The analysis was performed in order to determine if 
terriginous influx increased or decreased through time. The results 
showed that the insoluble residue content and sample location within 
the section are not linearly dependent (a= .05). 
Mineralogy of Insoluble Residues.-Mineralogical analyses of the 
insoluble residues by x-ray diffraction yielded quartz, microcline, 
albite, pyrite, illite, kaolinite, montmorillonite,_and chlorite. 
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Quartz is found in 92% of the samples, followed closely by illite 
in 91%. Microcline, identified in every section except Section 1, 
was the most abundant feldspar, with 73% of the samples having 
detectable amounts. Albite, associated with Sections 1 and 8, was 
found in 16% of the samples. Kaolinite, chlorite, and montmorillonite 
were identified in 39%, 10%, and 9% of the samples, respectively. The 
montmorillonite was restricted to Section 1 with the exception of one 
occurrence in Section 8. 
Carbonaceous Matter.-During dissolution of the carbonate material, a 
carbonaceous film formed on the surface of the acid solution and 
coated the walls of the plastic cups. The carbonaceous matter, which 
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is the residue of organic material, ranged from negligible amounts to 
a thick film. To determine the upper limit of abundance of the 
carbonaceous matter, a sample which produced a heavy film was oxidized 
using a 5.25% solution of sodium hypochlorite (Chlorox bleach). 
This particular sample contained 0.5% carbonaceous matter. 
The samples were divided into Low, Moderate, and High organic 
matter content according to the relative amount of carbonaceous coating 
on the cups. Low organic matter content was defined as no carbon-
aceous film on the cup. A minor coating was classified as Moderate 
organic matter content, and a heavy coating as High organic matter 
content. 
Rocks classified according to this organic classification were 
then compared with the color of the sample to see if there was any 
correlation. The samples in the Low organic content category had an 
average color of N7, Moderate organic content averaged N5.7 in color, 
while those in the High organic content class averaged N3.4. Although 
this classification is somewhat subjective, there is a significant 
correlation between organic content and color. Due to the above 
findings, the column labeled color, next to the stratigraphic column 
in Appendix A, is divided into N2 - N4, NS - N6, and N7 - N9 to 
reflect color and to allow inferences about organic content to be 
made as well. 
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DESCRIPTION OF ROCK TYPES 
General Statement 
Due to the lack of marker beds or consistent lithologic changes 
to subdivide the Blacksmith Formation, observed color, textural and 
compositional changes were used. This produced sections which con-
tained from 3 units to 15 units; the units in turn varied from a few 
meters to several tens of meters thick, and similar units varied in 
location within individual sections. The one factor which remained 
constant throughout the study area was the four general rock types that 
emerged using the above criteria for subdivision. The units chosen 
each represented one of these rock types or a complex alternation of 
two of them. 
Diagenesis has acted unevenly on the rocks of the Blacksmith 
Formation. Dolomitization has occurred in the vast majority of the 
rocks within the study area, but whether limestone or dolostone, the 
textural and compositional features imparted to the sediment during 
deposition are generally still visible. It is this depositional 
texture which is recorded in the four general rock types, and is the 
basis for subdivision of the sections measured. 
Diagenetic alteration and dolomitization have reduced the 
depositional texture of many of the samples to mere "ghosts." To 
study this texture petrographically, a simple light-diffuser developed 
by Delgado (1977) was placed under the thin section to enhance the 
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relict texture. The effects of diagenesis span the spectrum from 
minimal to intense and are observed in each of the general rock types. 
It is for this reason that only the depositional texture will be 
discussed in this section; diagenesis and dolomitization will be 
dealt with in subsequent sections. 
Rock Type A 
Rock type A comprises 23% of the Blacksmith Formation within the 
study area, and ranges from 0% to 52% of the individual sections. 
Section 6, located in Rock Canyon, is the only section in which this 
rock type is absent. The lack of rock type A in Section 6 may be 
attributed to Section 6 being an incomplete section. 
Generally within the medium-gray range (N4 - N6), rock type A is 
usually a grainstone, but also occurs as a packstone in several units 
(Figs. 3, 4). The grains consist of ooids, pellets, ooid and pellet 
grapestone, intraclasts, pisoliths and peloids. 
Rock type A forms prominent units with a massive appearance when 
viewed from a distance. Sections 1 and 2 each have units, or, in 
the case of Section 2, segments of a unit, in which rock type A is 
composed of limestone. Elsewhere in the study area dolomitization has 
affected all other occurrences of this rock type. 
Analysis of insoluble residues of all samples of rock type A 
yields a mean non-carbonate fraction of 0.9%, the lowest of the four 
rock types. Quartz and feldspar, either microcline or albite, make 
Fig, 3,-Well-sorted, cross-stratified oolitic grainstone 




Fig, 4.-Rounded intraclast and oolitic grainstone of rock 
type A. Depositional environment is uncertain, but is 
believed to be a tidal channel, Note the micritic 
envelopes on intraclasts, 
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up the greatest percentage of the insoluble material. Except in a few 
cases where it is the dominant mineral present, illite is a distant 
third, just ahead of kaolinite, montmorillonite and chlorite, Pyrite 
was found in small quantities in three samples. 
In thin section and in polished slabs, the most distinctive 
feature is the abundance of well-sorted ooids and/or pellets/peloids. 
Pisoliths and intraclasts are also observed interbedded within the 
oolite sequences. Pelletal ooid grapestone is dispersed throughout, 
although never greater than 0.5% of the rock, 
The ooliths vary in size from unit to unit, even bed to bed, but 
within each unit are very well sorted, Their size range is from 
0.25 rnmto 1.5 nun, with an average of approximately 0.5 nun. Due to 
dolomitization of most rock-type-A-containing sections, internal ooid 
structure is poorly preserved. Relict concentric banding can be 
observed however, with the use of the light diffuser. The limestone 
samples of Section 1 show remarkable preservation of the ooids and 
their internal structure. All of the ooids of rock type A of Section 
1 exhibit two or more concentric bands separating thicker bands of 
radial crystal growth. 
Pellets are interspersed throughout the rock type in low 
percentages, but can be locally dominant, The pellets may range from 
0.08 nun to 0.15 mm with a mean of 0.1 nun, The pellet size does not 
vary like that of the ooids; 0.1 mm is characteristic, with larger 
and smaller values rare. Most pellets are round-subequant (oval) in 
shape, with a small fraction being round-equant. 
A wide variety of intraclast are present in rock type A, 
ranging in size from 0.25 mm to 30 mm, angular to rounded, bladed to 
equant. The intraclasts are usually composed of pelletal packstones 
or bear cryptalgal textures. Although they may be locally dominant, 
the intraclasts more commonly contribute 0% to 15% of the total 
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grains present. The variation in size, shape and composition observed 
throughout the rock type is evident only in the gross overview. In 
individual horizons the intraclasts are closely related in composition 
and geometry. Due to their degree of rounding and sorting locally, 
the intraclasts were at times confused for pisoliths and oncoliths in 
outcrop (Fig. 4). 
Ooid and pellet grapestones, comprising 0% to 5% of the total 
grains, are scattered throughout rock type A. These grapestones are 
clumps of two to five grains bound by a dark micritic material. The 
grapestones are rounded and average 2 mm in size with a range from 
0.5 mm to 5 mm. 
Dolomitization has left the depositional texture badly recrystal-
lized, and grain identification difficult and unreliable. The term 
peloid (McKee and Gutschick, 1969) was applied to rounded, subequant 
to equant grains in which internal structure has been obliterated. 
The peloids of rock type A have a size range of 0.1 mm to 3 mm, with 
the mean varying from 0.1 mm to 1 mm, depending on the sample. It is 
assumed that they are relict pellets and ooids and that some differ-
entiation can be made by size and shape. 
A variety of inorganic sedimentary structures are present in 
rock type A. In outcrop, cross-laminae are abundant, and ripples 
occur locally. Three distinct types of cross-stratification are 
encountered within the study area. The first type is highly oolitic, 
occurs usually as solitary sets with the bottom tangent, and 
truncated at the top by planar bedding surfaces. Occasionally this 
type of cross-stratification is found in co-sets, with the dip 
direction of the laminae the same in all sets. The sets fall within 
the medium scale, 5 cm to 2 m, cross-stratified structures of 
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Conybeare and Crook (1968), and are classified as beta or omikron 
cross-stratification (Allen, 1963). The second type of cross-
stratification present is a medium scale structure, with the individual 
sets wedging into each other. Each set of a co-set is underlain by a 
non-erosional surface. Allen (1963) classified these structures as 
xi cross-stratification. Scour-and-fill, or trough cross-stratifica-
tion, (pi cross-stratification of Allen, 1963) is the third form 
found within the study area. Each set is underlain by a scoop-shaped 
erosional surface plunging at one end only. 
Only one set of well-preserved ripple marks was found in rock type 
A during this study. The ripples, located at ~ection 9, are oscilla-
tion ripples with an amplitude of 1.5 cm and a wave length of 17 cm. 
Planar, or nearly planar, laminae were also encountered within 
this rock type. The laminae are generally 0.5 cm to 2 cm thick, and 
quite faint. In many outcrops the laminations and bedding are absent 
or give only faint hints of their presence. 
Rock Type B 
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Rock type Bis present in every section measured, averaging 26% of 
the Blacksmith Formation within the study area. Local variations 
from section to section range from 10% to 48% of the total thickness. 
Most often this rock type is mottled as a result of bioturbation, 
with a hint of relict bedding visible in regions having only minor 
bioturbation (Figs. 5, 6). The color varies from dark-gray (N3) 
to light-gray (N7) in the mottled areas, but most commonly is within 
the range of the medium-grays (N4 - N6). Rock type Bis the least 
resistant of the four rock types, but is still a prominent cliff 
former. In the field, only a hint of peloid-type grains are evident 
in a mud matrix. 
With the exception of Section 1 in Gardner Canyon and Section 2 
in High Creek Canyon, the lithology of this rock type is dolostone. 
The mottling within the limestone sequences is less visible than in 
their dolomitic counterpart. No additional information came from the 
less recrystallized limestone samples. 
The insoluble residue in rock type B ranged from 0.3% to 10.5%, 
with an average of 2.7%. X-ray diffraction analysis of the individual 
,lcm, 
Fig. 5.-Polished slab of rock type B showing minor mottling. 
Sample shows light and dark banding which is abundant within 
the rock type. 
1cm 
' 
Fig. 6 .·-Highly mottled restricted lagoon facies repre-
sented by rock type B. Light and dark patches are 
believed to be remnants of banding seen in Fig. 5. 
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samples yielded a general mineralogy dominated by quartz and followed 
closely by illite and sodium-rich feldspars. Other minerals present 
in lesser quantities are: kaolinite, montmorillonite, chlorite, and 
pyrite (in 4 samples). Most of the samples produced low to moderate 
amounts of carbonaceous matter during dissolution of the carbonate 
material. 
In thin section and in polished slabs, rock type Bis a mixture 
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of grains and matrix varying from packstones and wackestones to mud-
stones. The majority of the grains are pellets or pellet-sized 
peloids, with small amounts of ooids, intraclasts, and fossil fragments. 
The pellets are ovoid in shape and deviate only a few fractions of a 
millimeter from their mean of 0.1 mm within this rock type. 
Biogenic activity has obliterated all but a few isolated 
occurrences of bedding. The bedding present ranges in thickness 
from 3 cm to 7 cm with 1 mm to 4 mm laminations. The organic 
sedimentary structures are dominated by mottling, with minor occur-
rences of shallow vertical burrows. 
Rock Type C 
A total of 29% of the Blacksmith Formation is comprised of rock 
type C, making rock type C the most abundant of the four within the 
study area. Present in seven of the nine sections measured, this rock 
type locally forms as much as 54% of the measured section. 
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The general appearance of rock type C is a dark-gray (N3) to 
medium-dark-gray (N4) carbonate with numerous birdseye structures 
(Figs. 7, 8). Locally, bands of solution breccia, 5 cm to 2 meters 
thick, are encountered, with white coarse crystalline carbonate 
cementing the fragments together (Figs. 9, 10). This rock type is a 
major cliff former comparable to rock type A. In outcrop rock type C 
has a massive appearance with a hint of horizontal lineation given by 
the white blebs and stringers of the fenestral fabric. Of the seven 
sections in which rock type C is present, all occurrences are dolostone 
except that of Section 2 at High Creek. 
The insoluble residue content of rock type C averaged 1.1% 
throughout the study area, with a high of 4.9% and a low of 0.1%. The 
mineralogy of the insoluble fraction is quite variable. A total of 43 
samples representing rock type C were analysed; 19 were dominated by 
quartz, 11 by microcline, 11 by illite, and 2 by kaolinite. Pyrite 
is present in small quantities in 5 samples and albite is found in 4. 
In thin section and in polished slabs, rock type C is almost 
exclusively a dark, pelletal or peloidal packstone with a contrasting 
light-colored fenestral fabric. The pellets are similar to those 
previously discussed; their average size is 0.1 mm with a range from 
0.08 mm to .15 mm. Dominantly ovoid, the pellets form a grain-
supported structure with varying amounts of fine grained carbonate 
as matrix. The birdseye structures partially or fully enclose small 
segments of the grains and matrix, giving the appearance of grapestone 
Fig. 7.-Rock type C, pelletal grainstone from low- to 
middle-intertidal facies with fine to medium laminoid 
fenestral fabric. Note formation of pelletal grapestone. 
1cm 
' 
Fig. 8.-Pelletal packstone of rock type C, with medium 
laminoid fenestral fabric from the low- to middle-inter-
tidal facies. 
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Fig. 9,-Solution breccia in rock type C. Note fragments 
are angular and appear to fit together. 
Fig. 10.-Contorted banding and slight brecciation charac-
teristic of solution banding within rock type C. 
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(discussed further in Diagenesis). The term peloid was used in the 
case of badly recrystallized samples and in polished slab descriptions 
in which there were hints of grains, but actual grain boundaries were 
undetectable. The presence of euhedral quartz in several of the thin 
sections suggests that much of the quartz within this rock type is 
authigentic. 
Rock type C fonns units with little or no internal structure. 
Minor erosional surfaces are encountered but are quite rare. The 
fabric ranges from a fine laminoid fenestral fabric to a medium 
laminoid fenestral fabric. In polished slabs or thin sections, 
there is a hint of cryptalgal binding, but no laminations are 
present to confirm this. 
Rock Type D 
Rock type D makes up 22% of the Blacksmith Formation in the area 
of study. This is the lowest percentage of any of the rock types. 
Present in all but Section 9, it is locally as high as 67%, at Section 
1, which is the highest value of any of the rock types at one location. 
The color of rock type Dis generally lighter than medium-gray 
(NS), falling usually within the range of light-gray (N7) to very-
light-gray (NS). The diagnostic feature of this rock type is the fine, 
wavy crypalgalaminations, with local domal stromatolites (Figs. 11, 
12). An assortment of ooids, pellets, and intraclasts were trapped 
within the algal structures. Dunham (1962) defined the term 
Fig. 11.-Wavy, thinly laminated cryptalgalaminae with local 
domed (LLH) stromatolites of rock type Dare believed to 
represent a high-intertidal, algal marsh environment. 
Fig. 12.-Rock type D with fine parallel cryptalgalaminae 
and storm rip-up layer. This depositional texture is 
seen in modern beach ridge and levee environment. 
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boundstone as having original components bound together during 
deposition. This can be shown by intergrown skeletal matter, lamina-
tion contrary to gravity, or sediment-floored cavities that are 
roofed over by organic or questionably organic matter and are too 
large to be interstices. Using the above definition, only the 
stromatolites fall into the boundstone category. The other cryptal-
galaminae-bearing samples fall within the mudstone, wackestone or 
packstone divisions of Dunham's (1962) carbonate classification. 
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Insoluble residues of samples of rock type D averaged 4.4% 
insoluble material. This is four times higher than the mean insoluble 
contents of rock types A and C, and it is over one and a half times 
higher than that of rock type B. X-ray diffraction data show quartz 
to be the dominant mineral present in the insoluble residue. Other 
minerals present include microcline, albite, illite, kaolinite, 
montmorillonite, chlorite, and, in one sample, pyrite. 
Petrographically, the quartz present in rock type D was very-
fine-grained. Studied in detail in sample SF 8-11-1, the quartz 
ranges in size from 0.02 mm to 0.3 mm, with the average size at 0.05 
nnn. The grains are subequant to equant and subround to round. The 
quartz grains lie in narrow, crenulated, vertically-trending bands, 
thought to be infilled desiccation cracks. These cracks underwent 
subsequent deformation. 
The ooids in rock type Din the well-preserved limestones of 
Section 1 are of two kinds. Radial ooids are present within the 
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cryptalgalaminations, in addition to the concentrically laminated ooids 
found in the other rock types. Elsewhere in the study area, recrystal-
lization has obliterated most of the internal structure of ooids in 
rock type D, so that only relict concentric lamination is observed. 
Rock type D contains numerous sedimentary structures, both organic 
and non-organic. The dominant structures present are of algal origin. 
The algal structures are confined primarily to planar to wavy 
cryptalgalaminations, with isolated occurrences of domal stromatolites 
(LLH-S of Logan and others, 1964) 1 cm to 5 cm in height. Locally, 
channels have been cut into the cryptalgalaminated sediments. The 
channels are 3 or 4 times as broad as they are deep, with an average 
depth of approximately 0.1 meters. 
Characteristically this rock type is thin to medium-bedded (5 cm 
to 30 cm) and is comprised of thin laminae (3 mm to 10 mm). 
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INTERPRETATION OF DEPOSITIONAL ENVIROIDIBNTS 
General Statement 
The study of modern carbonate environments and their ancient 
analogues provides the basis for interpretation of the depositional 
textures and structures found within the rocks of the Blacksmith 
Formation. An attempt will be made to place the four rock types into 
lithofacies, and to draw inferences as to the environmental conditions 
during deposition. Bathurst (1975, p. 138) warned that the infonnation 
loss due to the lack of preservation of much of the biologic community, 
and subsequent diagenesis of the sediments, may make interpretation of 
the data difficult or impossible. He goes on to state however, that 
modern lithofacies do have a geographic pattern which quite closely 
follows those of the actu·al habitats and communities. " • the 
pattern (in the ancient rock record) may be discoverable, but assess-
ment of the more intimate details must depend on rule-of-thumb 
comparisons with modern environments." 
Such a pattern was developed in the rocks of the Blacksmith 
Formation, and in the pages to follow, the depositional textures of the 
four rock types will be related to similar textures found in modern 
carbonate lithofacies. Through the identification of distinct facies, 
the paleogeographic reconstruction of the study area during Black-
smith deposition will be more meaningful. This is because the facies 
represent sub-environments with limited areal extent. Small 
fluctuations within the environment shift the facies until they are 
again in equilibrium with the physical forces acting on them. 
Inferred Environment of Rock Type A 
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The thick sequences of cross-stratified ooid and intraclast grain-
stones and packstones of rock type A are believed to have formed within 
an oolite shoal facies similar to that represented by the oolite 
lithofacies in the Bahamas (Purdy, 1963b). The isolated, discontin-
uous occurrences of grainstones and packstones with rounded 1-2 cm 
pelletal intraclasts mixed with ooids and pellets are believed to be 
tidal channel deposits. 
The major factors required for ooid formation and accretion are 
supersaturation with respect to calcium carbonate, available nuclei, 
and a mechanism for constant agitation of the grains (Illing, 1954, 
Newell and others, 1960). 
Modern ooids form in a variety of environments: caves, mines, hot 
springs, saline lakes, industrial water systems, as well as in the sea. 
Only in the warm, shallow seas of the lower latitudes however, where 
carbonate production abounds, are ooids forming thick deposits today 
(Bathurst, 1975). It is believed that the thick sequences of oolitic 
carbonate rocks of the Blacksmith Formation were formed in a manner 
similar to those found today on carbonate platforms. 
Newell and others (1960) studied the oolitic sand of the Bahamas 
platform, and found that ooid accretion occurs at the bank edge, 
primarily within 2 meters of the low water level, and is optimum at 
about 1.8 meters below low water . 
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. Radiocarbon dates of ooids from the Bahama oolite shoals vary 
from 160 years old (Martin and Ginsburg, 1965, in Bathurst, 1975), to 
740 years old (Newell and others, 1960), whereas the radiocarbon dates 
indicate that the ooid nuclei are on the order of several thousand 
years old (Newell and others, 1960). This suggests that: (1) the ooids 
are clearly products of their present environment (Bathurst, 1975); and 
(2) the ooid nuclei represent the winnowed sand fraction of a muddy 
facies which at one time blanketed the area now occupied by oolite 
(Newell and others, 1960). 
Ball (1967) described the oolite shoal near Cat Cay, Bahamas as a 
mile-wide belt of oolitic sand parallel to the major slope break. 
Parts of the shoal are awash at low tide, whereas the waters adjacent 
to the shoal are 3 to 5 meters deep. The surface of the shoal is 
rippled by large- (megaripples) and small-scale ripples. The mega-
ripples have wave lengths of 50-100 meters and amplitudes of 0.5 meters. 
The crests are capped by small-scale ripples that are moved by the 
tidal ebb and flow (Bathurst, 1967). The megaripples do not migrate 
under influence of the tidal cu-rrents so Bathurst concluded that they 
are formed in a different current regime, perhaps during a hurricane. 
The internal structure of a typical shoal sequence consists of a 
basal set of large- or medium-scale cross-laminae overlain by small-
scale sets of cross-laminae. Ball (1967, p. 561) attributed this 
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sequence to: (1) the migration of the edges of the shoal during inter-
mittent higher-energy events by extension of spillover lobes and 
trains of medium-scale ripples; and (2) the subsequent reworking of the 
surface sands of these large- to medium-scale ripples and lobes by 
day-to-day tidal and wind currents. The dip direction of the cross-
laminae is primarily toward the platform, indicating predominant 
movement of the sand bankward. This conclusion is also supported by 
the greater numbers and larger sizes of the spillover lobes on the 
bank side of the shoals (Ball, 1967). The spillover lobes are formed 
by tidal channels which are cut through the shoals. Their greater 
size on the bankward side has been attributed to the currents of the 
flood tide being stronger than those of the sluggish ebb tide (Bathurst, 
1975). Ball (1967) described the large spillover lobes near Cats Cay 
as up to 1000 meters long and 500 meters wide, with relief at the nose 
of as much as 2 meters. The noses terminate in steep fore-set beds. 
All of the cross-stratified structures found within rock type A 
are similar to deposits representative of dune and large scale ripple 
migration. The two most common features within the study are beta-
and omikron cross-stratification with isolated occurrences of xi- and 
pi cross-stratification. 
In Allen's (1963) classification of cross-stratified units, he 
also describes their occurrence, Beta cross-stratification forms as 
solitary sets with a planar erosional surface below. It is formed by 
the construction of solitary banks during migration. Omikron 
cross-stratification consists of grouped sets, each of which is 
underlain by an essentially planar erosional surface. The body of 
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each set is formed of discordant cross-strata, with some being 
tangential. Omikron cross-stratification is formed by the migration of 
trains of large-scale asymmetrical ripples marks (megaripples) with 
essentially straight crests. Xi cross-stratification, dominated by 
individual sets which wedge into one another, with each set of a co-set 
underlain by a non-erosional surface, is believed to form by the 
migration of longitudinal dunes. Lastly, pi cross-stratification, 
commonly known as scour-and-fill or trough cross-stratification, is 
formed by the migration of trains of large-scale asynnnetrical ripple 
marks with pronounced curved crests (Allen, 1963). 
Jindrich (1969) found a variety of grain sizes and types within 
tidal channels in the Florida Keys. The deposits include armored mud 
balls and intraformational flat-pebble conglomerate in addition to the 
finer sized grains. The source area lies along the entire course of 
the channel; therefore a wide variety of grains is to be expected. 
Hydrodynamically, the channel is characterized by the upper flow 
regime (Jindrich, 1969). The most conspicuous bed forms are 
straight-crested megaripples at the channel mouth and adjacent parts of 
the rapidly growing tidal delta. The sedimentary structures found 
within rock type A can also be found locally in the tidal channel 
environment as well. 
The vast majority of the units made up of rock type A are 
believed to be the result of a shallow oolite shoal facies. These 
samples are well sorted to very well sorted and comprised of high 
percentages of ooids, with a small fraction being pellets of similar 
size (Fig. 3). 
The remaining isolated units, which consist of ooids and pellets 
with 1 to 2 cm rounded intraclasts are thought to have formed in 
broad tidal channels (Fig. 4). No channel features were seen in the 
field, but the biomodal sediments, grain types, and sedimentary 
structures present indicate a depositional environment more closely 
related to tidal channels than to oolite shoals. 
Inferred Environment of Rock Type B 
Rock type B, a burrowed and bioturbated pellet packstone, wacke-
stone or mudstone, is felt to have originated in a subtidal 
restricted lagoon sediment. The paucity of preserved fauna, and 
abundance of fecal pellets are suggestive of abundant soft-bodied 
organisms. The absence of marine organisms (trilobites, brachiopods, 
echinoderms) indicates that water circulation within the lagoon 
was restricted. 
The sediments of the pellet-mud and mud lithofacies defined by 
Purdy (1963b) on the Great Bahama Bank are analogous to those seen in 
rock type B. 
44 
45 
In the Bahamas, these lithofacies represent an environment 
sheltered from the trade winds and farthest from the strong tidal 
activity of the Bank edge (Bathurst, 1975). The water depth varies 
between 2 and 8 meters over sediment surface (Purdy, 1963b). Bathurst 
described water movement within this environment as sluggish, with a 
net flow of about 0.8 km, even on gusty days. The sluggish movement 
causes the salinity on the Bahamas platform to be higher than that 
of normal seawater. Locally, during the summer, the salinity has been 
0 known to be as high as 47 /00, whereas the normal salinity of seawater 
is 350/00 (Cloud, 1962). The fauna within the pellet-mud and mud 
lithofacies is sparse (Purdy, 1963b; Bathurst, 1975). 
Bathurst (1975) described the pellet-mud and mud lithofacies as 
dominantly aragonite mud with 17-38% pellets of presumed fecal origin. 
Other grains present comprise only a small fraction of the total 
sediment. The main constituents of the carbonate sand fraction are 
fecal pellets. Purdy (1963b) attributes 90% of the identified fecal 
pellets within these facies to a single organism. These pellets are 
believed to have been produced by a polycheate, Armandia maculata 
(Cloud, 1962). 
Forty genera of worms were present during the Cambrian; among 
these were representatives of class Polycheatia (Howell, 1962). The 
polycheate worms have a wide salinity tolerance and have a vertical 
range from littoral marine to bathyal depths (Tasch, 1973). Cloud 
(1962) stated that the oxygen requirements of these burrowing 
annelids is evidently low. 
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A restricted lagoon is a stress environment. Low oxygen content 
and variations in salinity from slightly hypersaline to slightly 
brackish, depending on evaporation and rainfall, make it a hostile 
environment for most marine organisms. The evidence strongly suggests 
that polycheates, or other similar organisms, are responsible for the 
large amount of fecal pellets and bioturbation within rock type B. 
The lack of current action in the pellet-mud lithofacies repre-
sented by rock type Bis suggested both by the formation and 
preservation of fecal pellets and also by the insoluble residue 
content of the samples, 
In the formation of fecal pellets, an important consideration is 
the maximum particle size the pellet-producine organism is capable 
of ingesting. The pellets found in the pellet-mud facies are composed 
mainly of silt-and clay-sized particles, so that the formation of 
these fecal pellets is indirectly dependent upon relatively low bottom-
current velocities (Purdy, 1963b). Purdy (1963b) stated that, in 
addition to fecal pellet formation as an indicator of current velocity, 
their preservation also indicates little or no bottom currents. The 
pellets are initially friable, and prior to cementation of individual 
pellets, any bottom agitation would cause pellet disaggregation and 
loss of the typical ellipsoidal shape (Purdy, 1963b). 
Another indicator of low current velocities is the insoluble 
residue content. The non-carbonate fraction is three times higher 
in rock type B than in rock type A. In addition the insoluble residue 
also has higher amounts of clay minerals, particularly illite. The 
presence of clay minerals, with their inherently slow settling 
velocities, indicates a lack of appreciable current velocity. 
In the Bahamas, the local occurrence of ooids within the 
pellet-mud and mud facies has been attributed to transport from 
adjacent facies by occasional storm waves (Purdy, 1963b). A similar 
mode of transport is hypothesized for the local occurrence of ooids, 
intraclasts, and the few isolated cases of trilobite fragments found 
in rock type B. 
The lack of regular current action in the pellet-mud facies of 
rock type B supports the interpretation of a restricted lagoon 
environment. Also in support of a restricted lagoon is the presence 
of moderate amounts of organic matter, suggestive of a low oxygen 
content. 
Inferred Environment of Rock Type C 
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Rock type C is a dark, pellet or peloidal packstone with a 
contrasting light-colored fenestral fabric. The environment 
responsible for this depositional texture is probably a low- to middle-
intertidal zone. Fecal pellets, abundant in the pellet-mud facies 
of rock type B, have been transported shoreward, and concentrated, 
with much of the fines winnowed out. The fenestral fabric records 
exposure and desiccation of the sediments. 
In recent carbonate sediments, birdseye voids are preserved in 
supratidal sediments and sometimes in intertidal sediments, but never 
in subtidal sediments (Shinn, 1968, p. 215). Logan (1974) described 
the type of fenestral fabric characterized by the intertidal and 
supratidal environments. Using Logan's classification of fenestral 
fabrics, those found within the Blacksmith Formation are of the fine 
to medium laminoid fenestral fabric. Both of these fenestral fabrics 
are found within the intertidal environment. 
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Logan (1974) described the fine laminoid fenestral fabric as 
characteristic of algal-laminated (smooth mat of Logan and others, 
1974) pellet packstone. The fine fabric develops after burial and some 
emergence and is attributed to the destruction of the algal material 
through oxidation. The voids, formed by destruction of the organic 
matter and gases generated in decomposition, are maintained as 
aragonite cement is precipitated (Logan, 1974). 
The medium laminoid fenestral fabric is associated with poorly-
laminated cryptalgal sediments of the pustular mat typical of the 
middle intertidal zone (Logan and others, 1974). Elongate fenestrae 
are subparallel, and impart a crude stratification to the pellet 
packstone or pellet grainstone host. The fenestrae are the result of 
desiccation and lithification, and are primarily due to swelling 
through precipitation of aragonite cement (Logan, 1974). 
The concentrations of pellets, forming pellet packstones and 
grainstones, are due to shoreward transport and winnowing from 
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sediments of the pellet mud facies. The birdseye structures are 
suggestive of algal mat activity within the intertidal zone, but no 
direct evidence is present. There is a lack of sedimentary structures 
in rock type C, with the exception of minor erosional surfaces. The 
lack of visible structures is partially due to the homogeneous nature 
of the grains. They are almost exclusively pelletal with no discern-
able variation in shape and size. Neumann and others (1970) warned 
that the absence of physical sedimentary structures may be due to 
algal mat binding and protection of grains from reworking, rather 
than an indicator of low energy. 
The study of Neumann and others (1970) showed that algal-mat-
bound sandy sediment can withstand current velocities two to five 
times higher (40-110 cm/sec) than those necessary (20 cm/sec) to move 
the same sediment devoid of mats. They also proved that the mats can 
withstand current velocities three to nine times maximum tidal 
current (13 cm/sec). 
The pellet-bearing rocks of this low- to middle-intertidal 
facies are rich in organic matter (indicated by the thick organic 
film produced during insoluble residue analysis). It is concluded 
that the oxygen content of the sediment was quite low, protecting the 
organic material from oxidation. The fenestral fabric is thought to 
be the result of the gases formed during biologic destruction of the 
algal mats. 
Breccia layers, 5 cm to 2 meters thick, are confined almost 
exclusively to this facies. Their locations within adjacent 
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stratigraphic sections indicate possible correlation between breccia 
layers. The breccia layers have gradational upper and lower contacts, 
suggesting in situ solution-brecciation. The lateral persistance of 
these breccia layers is evidence of an extensive post-depositional 
solution event encompassing much of the low- and middle-intertidal area. 
No direct evidence now exists to indicate the probable mineral(s) 
dissolved, but the carbonate fragments and contorted bedding which 
remain behind show no evidence of solution. Due to lack of solution 
effects in the carbonate minerals, more soluble minerals such as 
gypsum, anhydrite, or halite, were probably involved. 
More direct evidence as to the possible presence of evaporitic 
minerals is found in the occurrence of the pseudomorph of a mineral 
exhibiting a cubic habit, shown in Figure 13. This sample, collected 
from Section 2, is believed to be halite or possible anhydrite. 
Anhydrite is known to form in crystalline masses resembling an isomet-
ric mineral with cubic cleavage (Hurlbut and Klein, 1977). 
The apparent lack of evaporites is puzzling. Zelazek (1981, in 
preparation) has found only isolated cases of evaporite casts in the 
Blacksmith Formation in an adjacent study area to the north. Kinsman 
(1976) believed the primary control of evaporite mineral precipitation 
is relative humidity. He calculated that calcium sulfate precipita-
tion requires a relative humidity below 93%, while halite precipitation 
will occur below 76% relative humidity. Paleogeographic reconstruction 
for the Cambrian indicates a low-latitude humid, tropical climate 
1cm 
• I 
Fig. 13.-Cubic crystal (circled) of calcite within rock 
type C; probably a pseudomorph after halite or possibly 
anhydrite. 
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(Ziegler and others, 1979). The implication is that the climate was 
extremely humid, near the point of saturation, during most, if not 
all, of the year. Under such conditions, dense brines can form 
without the precipitation of evaporitic minerals (Kinsman, 1976). 
The solution-brecciated layers may represent periods of extended 
low relative humidity which allowed evaporitic mineral precipitation. 
A subsequent rise in humidity would halt the production of the 
evaporite sequence, and carbonate deposition would again dominate. 
Under-saturated tidal groundwater would then cause dissolution of 
the evaporite sequence, and lack of support would cause the collapse 
of the overlying sediments. 
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The amount of insoluble residues within rock type C was slightly 
higher than in rock type A, the oolite shoal facies. When compared to 
rock type B, the pellet-mud restricted lagoon facies, rock type C 
contains slightly more than a third of the insoluble material. This 
would indicate an increase in energy from the restricted lagoon 
facies, and one that would be expected even in a sheltered intertidal 
area. 
The low- to middle-intertidal facies observed in the Blacksmith 
Formation is characterized by pelletal sand trapped in algal mats. 
Sufficient energy was available to transport partially~lithified 
pellets from the subtidal environment and winnow the fines away. 
Much of the matrix material is believed to be disaggregated pellets 
or cryptocrystalline cement. The fenestral fabric lends evidence to 
the intertidal nature of the sediments and records exposure and 
desiccation of the sediments. The zones of solution breccia may 
indicate the possible formation and subsequent dissolution of 
evaporitic minerals. 
Inferred Environment of Rock Type D 
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Rock type D, with its planar to wavy, thinly-laminated cryptalgal 
structures and occasional small domal (LLH) stromatolites, is inferred 
to be of high-intertidal to slightly supratidal origin. Layers of 
algal rip-up clasts are suggestive of periodic high energy deposition 
by storm-generated waves and tides. 
The depositional textures found within rock type Dare analogous 
to those of the high-intertidal to low supratidal environments 
of Andros Island, Bahamas. The excellent studies of tidal deposits 
on Andros Island by Ginsburg and Hardie (1975) and Hardie and Garrett 
(1977) form the basis of the environmental interpretation of rock 
type D. 
The above authors recognized a series of ponds and algal marshes 
in the high intertidal zone, separated from the shallow marine 
environment by beach ridges, terraces and channel levees. Hardie and 
Garrett (1977) stated that, due to the shallow shelving approach to 
the west Andros shoreline, waves are not normally a significant 
factor. Normal day-to-day tidal and weather conditions produce waves 
that are hardly noticeable. Only during severe storms can waves a 
meter high be generated within the limited fetch of the Great Bahama 
Bank (Hardie and Garrett, 1977). 
The depositional textures of rock type Dare primarily those of 
the low algal marsh as defined by Ginsburg and Hardie (1975) and 
54 
Hardie and Garrett (1977). The low algal marsh is located between MHW 
(mean high water) and MTL (mean tide level), separated from the shallow 
marine environment by a beach ridge and tidal channel levees (Ginsburg 
and Hardie, 1975). The algal mats associated with the algal marsh 
change from a continuous thin mat into larger tuffs ("pincushions," 1 
to 3 cm thick and 5 to 10 cm across) the closer they are to MTL 
(Hardie and Garrett, 1977). The algal mats are lush and green during 
the rainy summer months, but dry, and shrink into stiff polygons, 
during the winter (Hardie and Garrett, 1977). Ginsburg and Hardie 
(1975) attributed the abundant and widespread occurrence of blue-
green algal mats (Scytonema) in the high-intertidal to low supratidal 
environments to the high amount of rainfall. 
The wavy, thinly-laminated cryptalgalaminae with local domed 
(LLH) stromatolites (1 to 5 cm high) in rock type Dare attributed to 
formation in an algal marsh environment. As stated previously, the 
paleoclimate is believed to have been within the humid tropical 
equatorial rainy belt (Ziegler and others, 1979). The lack of 
desiccation features in rock type D suggests sufficient rainfall 
to support algal growth year round, and is consistent with the 
paleoclimate proposed by Ziegler and others (1979). 
On Andros Island the algal marsh grades into ponds in low-lying 
areas. These ponds, fed by tidal channels, are exposed Oto 65% of 
the time (Hardie and Garrett, 1977). The ponds may remain unflooded 
for weeks, during which time most of the ponded surface water is 
removed by evaporation and slow seepage into the subsurface. During 
periods of low water levels, the sediment shrinks and cracks deeply, 
producing polygons 20 to 30 cm in diameter. During times of high 
water these cracks will heal and completely disappear from view 
(Hardie and Garrett, 1977). The authors also added that much of the 
pond sediment is highly bioturbated into a structureless, unlayered 
deposit. 
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No deposits of ponds were recognized as such within the study, 
but, because of their depositional nature, confusion with low inter-
tidal or subtidal deposits is very possible. The formation of ponds 
during deposition of the Blacksmith Formation is highly probable, 
given the low relief of the tidal flats, occurrence of tidal channels, 
and algal marshes. 
The algal marsh and pond environments are isolated from the 
shallow marine environment by beach ridges and tidal channel levees. 
Both the beach ridge and levees have similar deposits. They are 
characterized by smooth, white surfaces with thin (millimeter) 
laminae (Hardie and Garrett, 1977). Hardie and Ginsburg (1977) 
theorized that the thin laminae are caused by the "fly paper" effect 
of thin blue-green algal mats which cover the levees and beach ridges. 
During storms, floodwaters stream over the levees and beach ridges, 
and the algal mats trap a fine layer of sediment. Once the mat is 
choked with sediment, the high flow velocity would prohibit purely 
mechanical bed-load deposition. Hardie and Ginsburg (1977) found 
that levee crest and beach ridge deposition followed closely what 
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they had theorized, except that some traction-load deposition does 
occur as thin, depression fillings. Gebelein and Hoffman (1968, in 
Bathurst, 1975) killed a small patch of algal mat that covered the 
surface of a channel levee. They found that after over-bank flooding, 
no deposition had occurred where the mat had been destroyed. 
Ball and others (1967) studied the effects of hurricane Donna, 
and concluded that the most significant storm result was the stranding 
of large quantities of lime mud on the tidal flats above the normal 
high-tide line. 
Despite their exposure 95% to 99.7% of the time, the channel-levee 
and beach-ridge environments lack desiccation features (Ginsburg and 
Hardie, 1975; Hardie and Garrett, 1977). Hardie and Garrett (1977) 
attributed the lack of mud cracks to the pervasive algal binding, 
which imparts considerable elasticity to the sediments. 
The finely laminated samples in rock type Dare thought to be 
from the beach-ridge or levee-crest environment. The fine laminae 
and lack of desiccation features are evidence of similar formation, 
with the majority of, if not all, deposition occurring during moderate 
storms. The layers of algal mat rip-up clasts with admixed ooids, 
pellets, and pellet-interclasts 5 to 10 cm thick, are attributed to 
deposition during intense storms which affected the entire high-
intertidal to supratidal environment. 
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Formation of hypersaline brines within the ponds could be 
possible without lasting evidence. If evaporative conditions occurred 
seasonally, all traces could be removed by dissolution and bioturba-
tion when the salinity decreased and biologic activity became abundant 
once again. 
Summary of Environments 
A generalized summary of the facies and their individual 
characteristics is presented in Figure 14. A diagrammatic cross 
section is included to illustrate the location of several of the 
features discussed within this section. 
Diagrammatic open platform beach 
cross section ✓ ridge algal tidal 




Facies Oolite-shoal Restricted- Low- to middle- High-intertidal 
lagoon intertidal to supratidal 
A B C D 
Lithology Oold or pellet Bioturbated pellet Birdseye bearing Thinly cryptalga-
grains tone muds tone, wacke- pellet packstone laminated and 
stone, packs tone or grainstone stromatolitic mud-
stone, bounds tone 
Color N4-N6 N3-N7 N3-N4 N7-N8 
Grain type and Ooids dominate, Pellets, with Pellets or Minor amounts of 
depositional texture also pellets, ooids, peloids, peloids ooids, pellets 
intraclasts, and intraclasts and and intraclasts 
peloids fossil fragments 
Sedimentary Small to medium Bioturbation Fenestral fabric Cryptalgalaminae 
structures cross-stratified prominent with with little other with small, strom-
layers with some minor burrows structure atolites, and 
ripples storm rip-up 
Insoluble residue 0.9% 2.7% 1.1% 4.4% 
FIG. 14.-Generalized diagram of depositional environments with facies and related information. 
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INTERPRETATION OF CLAY MINERALS 
General Statement 
A brief over-view of the formation, occurrence and diagenesis of 
the four clay minerals found within the study area will be presented. 
Due to a wide range of composition and occurrence, clay minerals are 
considered to be potential indicators of the environment of their 
formation. 
Environments of Formation of Modern Clay Minerals 
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In order to use clay minerals as indicators of environments, the 
environments of their formation must be thoroughly understood. From 
the work of Keller (1970), Griffin and others (1968), and others, 
there is now a fairly good understanding of environments of modern 
clay formation. 
Kaolinite.-Keller (1970) outlined the factors conducive to kaolinite 
f · 1 f C +2 M +2 F +2 N + d K+ 'd. d' . ormation: remova o a , g , e , a, an ; aci ic con 1t1ons, 
and a high Al:Si ratio. The general environment which produces these 
conditions is one of intense leaching due to high precipitation, little 
evaporation, permeable rocks and favorable topography. Kaolinite 
formation represents an environment of intense chemical weathering 
and active soil formation in the source area. Due to the abundance 
of kaolinite in recent marine equatorial sediments, it is considered 
to be a low latitude clay mineral (Griffin and others, 1968). 
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Montmorillonite.-Montmorillonite commonly originates in an alkaline 
environment that has ineffective leaching. 
+2 +2 
Ions such as Mg , Ca , 
+ and Na, are held, along with silica, in the clay-forming system 
(Keller, 1970). There are two environments that are associated with 
montmorillonite formation. The first is a semi-arid climate where 
precipitation is less than evaporation; instead of being leached away, 
the ions tend to be concentrated. The second environment of formation 
is in water that have an accumulation of volcanic ash and tuff. 
Although not the only product, large-scale blanket deposits of 
montmorillonite commonly indicate volcanic ash as the parent material 
(Griffin and others, 1968). 
Chlorite.-Chlorite is considered a high latitude clay mineral, inasmuch 
as it is found in greatest abundance in the polar regions of the 
world. There the chemical weathering processes are less intense 
relative to the mechanical action of glacial scour and rock pulver-
isation. The chlorite minerals found in low grade metamorphic rocks 
and sedimentary shales are the major source of this clay mineral 
(Griffin and others, 1968). Chlorite in most deep-sea deposits is a 
product of continental erosion of chlorite-bearing rocks, and not the 
product of marine diagenesis or of soil-forming process (Griffin and 
others, 1968) • 
Illite.-Illite is generally considered to be detrital in nature, 
derived from pre-existing illitic sedimentary deposits, The illite 
61 
from recent marine environments has been potassium-argon age dated, 
and has ages on the order of hundreds of millions of years (Griffin 
and others, 1968). Griffin and others (1968) believe that there is no 
evidence for the formation of large quantities of illite in the 
marine environment today. 
Diagenesis 
Although diagenesis of clay minerals is a fact generally agreed 
upon, the degree to which it occurs is a point of controversy. One of 
the major diagenetic problems is that of chlorite. In laboratory 
experiments, chlorite has been produced through the diagenetic altera-
tion of other clay minerals that have been in contact with a solution 
similar to seawater (Whitehouse and Maccarter, 1958). Chlorite 
diagenesis has also been shown to occur in field studies. Powers 
(1957), in a study of the alterations of clay minerals as they pass 
from fresh to marine conditions, found that, although there is little 
or no change in the amount of kaolinite, chlorite increased from only 
a trace to 40% of the clay mineral assemblage. This increase was at 
the expense of weathered illite. Other workers have concluded that 
chlorite is for the most part detrital in origin, that chemical 
modification is minimal, and that source area and physical factors are 
the major reasons for variations in clay mineral distribution (Griffin, 
1962; Neiheisel and Weaver, 1967). 
There are similar problems with the diagenesis of illite. One of 
the main questions is: is it forming today? Weaver (1967) suggested 
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that, due to a change in parent material, from metamorphic to igneous 
and sedimentary, and the proliferation of land-plants in the 
Carboniferous, there has been a general change in clay mineral 
genesis through time. The once-dominant illites have given way to 
the formation of kaolinite and montmorillonite. Griffin and others 
(1968).believed that illite is not forming in the marine environment 
today, and that its occurrence is of a detrital nature. From his 
literature review, Keller (1970) concluded that relatively little 
illitization of montmorillonite takes place at or near the deposi-
tional interface of marine sedimentation. Only after deep burial 
following marine deposition d6 geologically thick sequences of illite 
form from montmorillonite. 
Recent Clay Mineral Distribution 
Much of the recent work with clays has centered on the distribu-
tion of modern clay mineral suites of recent coastal sediments. 
Through the studies of the clay mineral assemblages of coastal 
sediments it is hoped that inferences as to ancient shore lines, 
source areas, and transporting mechanisms can be made. 
Investigators studying the Gulf coast clay mineral assemblages 
have found that the clays are indicators of the source area, and are 
not a product of diagenetic alteration (Morton, 1972; Neiheisel and 
Weaver, 1967; Griffin, 1962). Morton (1972), studying the Holocene 
and Pleistocene sediments of the Guadalupe Delta of Texas, found that 
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the clay minerals: (1) are the same for both Pleistocene and Holocene 
sediments; (2) are not related to change in water depth; (3) are not 
significantly different for fresh water and brackish environments; and 
(4) are essentially the same as those in the source area. In the 
northeast Gulf of Mexico, Griffin (1962) concluded that the clay 
mineralogy supplied by the rivers is a product of weathering intensity 
and parent rock at the source area, and that there are only minor 
alterations in the assemblage due to the change from fresh water to 
marine conditions. Neitheiseland Weaver (1967) came to similar 
conclusions about recent coastal sediments, that the variations are 
a function of differences in source area and not diagenetic alterations. 
Clay Minerals in the Blacksmith Formation 
The most abundant clay mineral is illite, followed by kaolinite 
and chlorite, with montmorillonite present only in Section 1 and in 
one sample in Section 8. Illite is found throughout the study area, 
with its occurrence not related to any particular mineral assemblage. 
Due to its unknown origin (detrital or diagenetic), no inferences 
will be drawn from its presence. 
Kaolinite, the second most abundant clay mineral within the 
study area, is a possible indicator of intense leaching at the source 
area and rapid flocculation and settling once it is in the marine 
environment. The occurrence of kaolinite and montmorillonite in the 
sarg.e samples indicate that either: (1) two different source areas, with 
vastly different climates, are involved in the terrigenous input, or 
(2) there was terrigenous input of kaolinite from the craton and 
formation of montmorillonite in the marine environment from volcanic 
ash. In either case, the kaolinite is probably the product of a 
relatively nearby source area, whereas the montmorillonite may have 
been transported great distances. 
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Chlorite is found in small amounts associated with kaolinite. It 
too is most likely a product of the same source area as the kaolinite, 
and reflects the possibly metamorphic nature of the parent material. 
The extremely low amount of terrigenous input can be explained 
by the position of the depositional basin a great distance from the 
craton and/or by a lack of fluvial discharge from the craton in this 
area. It is believed that the terrigenous fraction may have been 
transported by the wind. 
PALEOGEOGRAPHIC RECONSTRUCTION 
Correlations of Lithofacies 
The attempt to reconstruct the paleogeography of the study area 
through the interval of time during Blacksmith deposition was aided 
greatly by the work of Irwin (1965), Heckel (1972), Wilson (1975), 
and Bathurst (1975). 
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Irwin (1965) proposed a general theory of epeiric clear water 
sedimentation in which he related energy to water depth and deposition 
on a broad shelf·with gentle slope. Heckel (1972) built on the work 
of Irwin by relating theoretical deposition to recent and ancient 
examples. Wilson (1975) presented an idealized sequence of standard 
facies belts and their microfacies within a carbonate platform. 
Bathurst (1975), with help from many other authors, gave an excellent 
synthesis of carbonate deposition on the Great Bahama Bank. 
The four rock types described and interpreted in previous 
sections form the basis of the paleogeographic reconstruction. Each 
rock type represents a facies which was deposited in a unique 
environment. The relationship of the four facies: oolite shoal, 
restricted lagoon, low- to middle-intertidal, and high-intertidal to 
supratidal, are shown within each individual section in Appendix A. 
Figure 15 shows the location of the measured sections and of each 
cross section. The fence diagram (Fig. 16) correlates the facies of 
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the individual facies and their migration through time. A more 
detailed illustration of the stratigraphic relations of adjoining 
sections is seen in Figures 17, 18, and 19. 
Inferred History of Deposition of the Blacksmith Formation 
At the onset of Blacksmith deposition, the environments, repre-
sented by the lithofacies, appear already to have been established. 
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As mentioned in the section of Stratigraphy, the Ute-Blacksmith 
contact is poorly defined, and is based on the presence of dolomite 
and/or a change in bedding thickness. The evidence suggests that if a 
depositional change had occurred at the Ute-Blacksmith break, it was 
a minor one. 
The lower portion of the Blacksmith Formation records equilibrium 
conditions, in which rises in relative sea level and/or subsidence 
were matched by the rate of carbonate accumulation on the platform. 
These relatively static environmental conditions continued until the 
middle of Blacksmith deposition. 
The high-intertidal to supratidal facies present in the central 
portion of all but two sections is believed to have been an extensive 
tidal flat covering most of the study area (Fig. 17, 18, 19). 
Separated by an erosional contact, the facies directly above 
represents a major environmental shift to deeper water conditions. 
The formation of the extensive tidal flat reflects either a minor 
regression or a shoaling-upward of the carbonate platform. In either 
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case, carbonate production was drastically reduced, or stopped 
entirely, once the tidal flat formed. During this pause in deposition, 
a rise in sea level, or continued subsidence, allowed the sea to sweep 
across the platform once again. Once the sea was reestablished over 
the platform, the individual carbonate facies would also have been 
reestablished. The intertidal region forms where the platform is 
exposed during tidal fluctuations. The position of an oolite shoal 
is governed by the hydrodynamics of the platform-sea interaction, 
and will form within effective wave base (Irwin, 1965; Heckel, 1972; 
Wilson, 1975). 
James (1979) states that carbonate sediments characteristically 
accumulate at rates much greater than the rate of subsidence of the 
platform, causing shallowing- or shoaling-upward of the platform. 
This process is the probable cause of the shallowing of the platform 
during mid-Blacksmith deposition. This conclusion is based on the 
gradual enlargement of an extensive low- to middle-intertidal region 
preceeding the formation of the tidal flat. 
The subsequent rapid influx of the sea after mid-Blacksmith 
deposition is concluded to be due to a rise in sea level. This is 
indicated by the abrupt change to deeper water deposits over most of 
the platform. The oolite shoals were reestablished in the central to 
eastern portion of the study area, which suggests a local deepening to 
the east, perhaps due to differential subsidence. 
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Near the upper contact of the Blacksmith Formation, the shoal and 
lagoonal areas are covered by high-intertidal to supratidal sediments 
' 
to the north (Fig. 17, 18, 19). To the south, lagoon and low- to 
middle-intertidal sediments are overlain by a "dirty" ooid-pellet 
mixture. This upper sequence is believed to be a result of a rapid 
regression, creating emergence in the north and exposing the oolite 
shoal to the surf zone, causing reworking of the ooids across shal-
lower facies. 
This major regression is in close agreement with the conclusions 
of Lochman-Balk (1970), except that the onset of regression occurred 
slightly later than previously suggested. Evidence of exposure 
of the platform at the end of Blacksmith time is inconclusive. 
Where the contact is well-exposed, a weathering rind is present on 
the surface separating the Blacksmith from the Hodges Shale Member 
of the Bloomington Formation. Other workers (Williams, 1948; Maxey, 
1958) have described the contact as conformable, and no obvious 
erosional features were found during this study to dispute the 
previous observations. 
The Hodges Shale Member is believed to represent the reworking 
of deeper, quiet water deposits now exposed to current action by 
the lowering of sea level due to regression. 
Physical and Climatic Controls 
A major ~ontrolling factor in the evolution of the carbonate 
bank and its general environments is the rate of subsidence relative 
to water depth over the platform. The thickness map, Figure 20, 
shows that differential subsidence occurred within the study area. 
Relatively stable areas at Section 1 and Section 3 are separated by 
a trough of more rapid subsidence seen in Sections 2, 4, and 8. The 
remaining sections are intermediate between the two extremes. 
The influence of this differential subsidence is clearly seen 
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in the three cross sections (Figs. 17, 18, 19). The areas of greatest 
stability exhibit rapid development of high-intertidal to supratidal 
deposits directly on top of oolite-shoal and lagoonal deposits. The 
north-south trending central trough has thick sequences of lagoonal 
deposits, which suggest that slightly deeper water prevailed there. 
When the high-intertidal to supratidal environment was established 
within this trough, it was quickly replaced by low- to middle-
intertidal and lagoonal deposits. 
The climatic conditions affecting Blacksmith deposition within 
the study area are concluded to have been dominated by humid sub-
tropical to tropical conditions. The work of Scotese and others 
(1979) has placed this region within the equatorial rainy belt during 
Cambrian time. These conclusions are supported by the high production 
of calcium carbonate, apparent lack of desiccation features and 
evaporites, and the clay mineral assemblage. 
Brigham 
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FIG. 20.-Isopachous map of the Blacksmith Formation, north-central 
Utah. Contour interval 50 meters. 
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Interpretation of Insoluble Residues 
When the_four facies are compared with respect to amount of 
insoluble residue, distinct populations emerge. The oolite-shoal 
facies has a mean insoluble content of 0.9%, the subtidal-lagoon 
facies has an average of 2.7%, the low- to middle-intertidal facies 
averages 1.1%, and the tidal-flat facies, 4.4%. When compared using 
an analysis of variance (a% .05), there is no significant difference 
between the mean values for insoluble residues of the oolite shoal and 
the low- to middle-intertidal environments. There is however, a 
significant difference in the means of the tidal flat, subtidal 
lagoon, and shoal-low intertidal facies. 
This difference between facies suggests that the insoluble 
residue content is a function of environment. This relationship may 
be due to energy, method of transport (wind vs. water), salinity 
(flocculation of clays), or diagenesis. Whatever the cause, the 
distribution of insoluble residues, shown pictorially in Figure 2, 
is believed to be related to the facies present at each section, and 
is not an indicator of terrigenous influx from any particular 
direction. 
Site of Deposition 
From the regional paleogeographic reconstructions of the Cambrian 
(Kepper, 1972; Lochman-Balk, 1970; Seyfert and Sirkin, 1979; Hintze, 
1973), the craton is believed to have been east of the study area. 
Aided by data supplied by Zelazek (1981, in preparation) from his 
studying the Blacksmith Formation farther north, in southeastern 
Idaho, the general environment of deposition is inferred to have been 
an isolated carbonate bank located in a marginal sea west of the 
craton. The carbonate bank was characterized by low-lying tidal 
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flats surrounded by low- to middle-intertidal regions and a restricted 
lagoon, with oolite shoals forming a barrier that limited water 
movement on the bank. A seaward gradient of a foot or less per mile 




The early diagenetic history is controlled predominantly by the 
grain size and the environment at the sediment-water interface. This 
control is best observed when the diaganetic sequence of the individual 
rock types is compared. 
Rock type A, from the oolite shoal facies, is predominantly 
grain-supported, and exhibits evidence of early cementation in the 
form of radial-fibrous rims. Folk (1974) attributed radial-fibrous 
cement to the presence of high concentrations of magnesium and sodium, 
which are present in normal marine to hypersaline environments. He 
stated that the rapid growth in the c-direction and slow lateral growth 
is a result of selective Mg-poisoning. Badiozamani and others (1977) 
confirmed Folk's findings experimentally, and added that uniform, 
continuous fibrous-rims form as a result of phreatic seawater cementa-
tion. This cementation has been observed by Ball (1967) in the oolite 
shoals of the Bahamas. He found that ooids which have been immobile 
"for some time," as in the troughs between the crests of megaripples, 
are lightly cemented together by a fringe of aragonite needles, with a 
preferred orientation of long axes perpendicular to the ooid surface. 
Compaction within rock type A is minor. Coogan (1970) list a 
series of compaction features displayed by ooids; of these, only 
concavo-convex grain contacts were observed, and their occurrence was 
rare. 
The subtidal, restricted-lagoon sediments, represented by rock 
type B, show minor compaction features and evidence of hardened 
fecal pellets. Shinn and others (1977) compacted carbonate sediment 
cores and produced sedimentary structures such as wispy organic 
parting (pseudostyolites) and flattened burrow-fill without crushing 
the shells present. Wispy organic partings are present within rock 
type B, as well as occurrences of deformed pellets. Compaction is 
observed only in areas of little or no bioturbation; elsewhere the 
extent of compaction cannot be evaluated. Although some pellets show 
deformation due to compaction, most are quite well preserved. 
Hardened fecal pellets are found today in loosely bound mud sediments 
in the Bahamas and the Persian Gulf (Bathurst, 1975). Bathurst 
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stated that the hardening process is not understood, but is presumably 
due to micro-organisms. 
Once these lagoonal sediments were buried below the zone of 
bioturbation, lithification must have occurred to some extent to 
prevent later development of noticeable sediment-compaction features. 
Friedman (1975) stated that cementation within sea floor sediments may 
be related to bacterial activity. By this activity, organic matter 
yields methane and other gases that oxidize and result in the genera-
tion of bicarbonate ions. The bicarbonate then combines with calcium 
to produce a carbonate cement. 
Rock type C, the low- to middle-intertidal facies, also has 
evidence of very early cementation. The fenestral fabrics present 
within this rock type are assumed to have formed in a manner similar 
to their•present-day counterparts. Modern fenestral fabrics form 
during periods of exposure and desiccation by destruction of organic 
material and by the gasses generated during the decomposition (Shinn, 
1968; Logan, 1974). Logan (1974) stated that voids produced during 
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fenestral fabric formation are maintained where aragonitic cements are 
precipitated and the sediment is lithified. This process is quite 
evident in the fenestral fabrics of rock type C. 
Logan (1974) noted that the precipitation of aragonite cement 
in the intertidal region of Shark Bay, Australia is due to the evapora-
tion of interstitial pore waters during periods of low tide. The 
pellet grainstone which is characteristic of this environment is 
rapidly converted to pellet packstone by precipitation of crypto-
crystalline aragonite in intergranular voids. 
Precipitation of cryptocrystalline aragonite is believed to 
have occurred in rock type C. The change from the predominant pellet 
packstone to a grainstone occurs in random patches and suggests that 
the grainstone was once dominant. There is also a lack of mud matrix 
in the areas surrounding the birdseye structures, suggesting that the 
coarser cement within this region preserved the "true" texture of the 
sediment. 
The grapestone found within the cryptalgal matrix of the high-
intertidal to supratidal facies may be the result of storm rip-up of 
the partially lithified lower intertidal pelletal sediments. 
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Samples of rock type D, the high-intertidal to supratidal facies, 
are best preserved in Section 1. A rim cement is still evident in 
many of the grain-supported areas of these cryptalgal carbonates. 
-This rim cement differs from that found in rock type A. The crystals 
of this rim cement are rhombohedral, indicating that perhaps in this 
zone of periodic wetting and evaporation, a change in cement mineralogy 
to a high-magnesian calcite has occurred. Friedman (1968) described 
high-magnesian calcite cements in beach rocks of the Canary Islands, 
and Logan (1974) observed a similar calcite cement on ooids in the 
beach ridges of Shark Bay. Bathurst (1975, p. 369) wondered if high 
salinities, developed by evaporation, cause a loosening of the bonded 
water dipoles on the Mg ion, thus allowing precipitation of calcite. 
Many grains, from each of the four rock types, have distinct 
micritic envelopes. The micritization is due to non-calcareous, 
boring algae living a fraction of a millimeter below the grain surface. 
Bathurst (1967) stated that such grains riddled with holes are 
particularly liable to abrasion. The most densely bored grains are 
also the most rounded. This process is particularly evident in the 
small intraclasts with well-developed micritic rinds (Fig. 4). Due 
to the pseudoconcentric banding imposed by micritization, these small 
intraclasts often were mistaken for pisoliths or oncolites in the 
field. 
Once the sediments of the four rock types were buried below the 
influence of the marine environment, it is assumed that cementation 
and void-filling continued. During this time, sporadic formation of 
ferroan dolomite rhombs occurred regardless of rock type. Evamy 
(1969) concluded that ferroan carbonates precipitate where naturally 
occurring reducing conditions prevail due to decomposition of organic 
matter. The dolomite rhombs found in the present study partially 
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or completely envelope the pre-existing texture of the pellets or ooids. 
The processes responsible for the formation of these rhombs is not 
understood. 
Secondary Changes 
The timing of the inversion of aragonite and high-magnesian 
calcite to low-magnesian calcite cannot be determined because of 
extensive recrystallization. This transformation is commonly believed 
to be due to fresh water diagenesis (Friedman, 1964; Land, 1967). 
Berner (1971) stated that although fresh water, low in dissolved 
magnesium, greatly accelerates the transformation, it is possible that 
the transformation to low-magnesian calcite may occur in sea water, 
given sufficient time. Milliman (1966) ,supported this conclusion with 
field evidence of deep ocean inversion to low-magnesian calcite. 
The lack of evidence for fresh water diagenesis within the study 
area tends to rule out the inversion to calcite by fresh water 
influence. The transformation is believed to be the result of time 
and the interaction of connate waters and hypersaline brines. 
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Solution-reprecipitation, which was probably the mechanism of the 
aragonite-calcite inversion, acted on a very small scale. This is 
particularly evident in the limestones of Section 1, in which much of 
the depositional texture is very well preserved. The ooids retain 
much of their internal structure, pellets still exhibit crisp 
boundaries, and even fine algal filaments are observed in some 
grains. This small-scale, molecule-for-molecule solution-reprecipita-
tion is aided by the presence of organic matter. Shearman and others 
(1970), in a discussion of preservation of internal ooid structure, 
stated that during diagenesis, the original aragonite is dissolved but 
the organic matter remains as a template for the precipitation of 
calcite. 
The dolomite limestones of Section 1 exhibit algal laminations 
composed of dolomite and interlaminated sediments of calcite. The 
sediment-rich layers contain isolated dolomite rhombs and some random 
replacement of ooids by dolomite. This early stage of dolomitization 
is believed to be a result of decomposition of the algal mat material. 
Gebelein and Hoffman (1973) found that magnesium ions are complexed 
organically in the algal mat layers. The magnesium is concentrated 
in the algal sheath material at 3 to 4 times the concentration in the 
water in contact with the algae. The sheath material is very stable 
and does not decompose until long after deposition or even lithifica-
tion. Once the sheath does decompose, the release of the high 
concentrations of magnesium relative to calcium forms dolomite in the 
micro environment of the relict algal mat layers of the sediment 
(Gebelein and Hoffman, 1973). 
The last major episode of diagenesis was responsible for the 
extensive dolomitization of most of the sections in the study area, 
and aggrading neomorphic replacement in the areas where limestones 
survived. The diagenetic change from calcite to dolomite acted 
unevenly on the rocks of the Blacksmith Formation. The oolitic 
grainstones of rock type A exhibited the. most intense recrystalliza-
tion, The pelletal mudstones, wackestones and packstones of rock 
types Band C show moderate recrystallization, with some relict 
depositional textures visible petrographically. Rock type D, the 
high-intertidal to supratidal algal mudstones and boundstones, are 
in most cases completely dolomite, but there has been little loss of 
depositional texture. 
The differential dolomitization is thought to be a function of: 
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(1) facies-control related to permeability; or (2) fluid of dolomitiza-
tion forming in, but not lingering within, the high intertidal-




The complex problem of dolomitization has produced a wide range 
of opinions regarding the mechanisms for the formation of extensive 
dolostone sequences. The diversity of dolomite occurrences and 
differences between distinct dolomite types suggest that a single 
process of dolomitization does not exist, and there is no unique model 
to explain all occurrences of dolomite. 
The isolated occurrence of dolomite rhombs and interlaminated 
sediments of calcite are dealt with in the section of Diagenesis. 
This section deals only with speculation on the mechanism involved 
with the major episode of dolomitization. 
Dolomitization of the Blacksmith Formation 
The evidence tends to support a modified version of the gravity-
driven seepage refluxion model (Adams and Rhodes, 1960; Deffeyes and 
others, 1965), with partial facies control. The modified reflux 
model of dolomitization (Fig. 21) requires a brine to form in the 
intertidal and supratidal regions, especially in the shallow tidal 
ponds. The formation of the brine is caused by the evaporation of sea 
water from the shallow regions by sun and wind. Tidal and storm 
action are responsible for continual recharge, allowing time for 
brine formation. The generally humid n~ture of the climate would not 
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FIG. 21.-Diagram of modified seepage-reflux model for dolornitization of the Blacksmith Formation. 
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permit extensive permanent evaporite mineral formation. The brine, 
due to its relatively dense nature (compared with normal sea water), 
-
"seeps" into the porous, partially-lithified carbonate sediment. 
The hydraulic head developed causes the brine to move downward and 
outward, displacing the connate and marine waters. The dolomitizing 
fluids will migrate faster in the highly permeable oolitic grainstones. 
The seepage reflux model is supported by: (1) the early secondary 
diagenetic nature of the dolomite; (2) evidence of restricted lagoons; 
(3) pseudomorphs of evaporitic minerals (Fig. 13); (4) extensive 
solution breccias and banding (Figs. 9, 10); (5) sodium content higher 
in dolostone sample than limestone sample (Table 1); (6) lack of fresh 
water diagenetic features; and (7) the probable lack of sufficient 
fresh water due to the limited extent of the exposed portions of the 
carbonate bank. 
The paleogeographic reconstruction, aided by the work of Zelazek 
(1981, in preparation) in the Blacksmith Formation farther north, 
indicates an isolated carbonate bank with limited high-intertidal 
to supratidal regions. The isolated bank and limited exposure imply 
a lack of fresh ground water influx or appreciable fresh water 
recharge due to rain. The Dorag, or mixing model (Badiozarnani, 1973; 
Land, 1973), tends to be ruled out due to the lack of sufficient 
meteoric water. Badiozamani (1973) stated that a mixture of 70% 
meteoric water or greater is required to produce saturation with 
respect to dolomite and undersaturation with respect to calcite. 
This vast amount of meteoric water probably cound not be supplied by 
the limited areal extent of the tidal flat. 
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Hsu and Siegenthaler's (1971) model of dolomitization by evapora-
tive pumping was also considered, but was rejected due to its inability 
to explain the extensive dolomitization of all facies. This model 
concentrates the brine within the surface sediments of the tidal 
flats, and therefore cannot be responsible for dolomitization of low-
intertidal and subtidal facies. 
The presence of a restricted lagoon, and evidence of evaporites, 
is very suggestive of brine fonnation with an elevated Mg:Ca ratio. 
The lack of extensively preserved evaporite minerals may be due to 
seasonal climatic changes (Friedman, 1980). The evidence of evaporites 
within the study area is limited to the low- and middle-intertidal 
regions, where preservation may be related to rapid cementation. 
Occurrences of evaporites are sparse, and the preservation that is 
encountered is believed to be due to extended dry periods. 
It has been proposed that sodium content is a possible indicator 
of salinity in diagenetic solutions (Land and Hoops, 1973). Due to 
diagenesis, the sodium content in ancient rocks is less than in their 
modern counterparts, which may lead to erroneous interpretations. 
Veizer and others (1977) compared two related carbonate sequences. In 
this manner the chemical difference imposed by sedimentary and/or 
diagenetic environments is preserved in spite of the magnitude of 
post-depositional redistribution of sodium. 
The brief comparison of the sodium and potassium content of a 
limestone and a dolostone in Section 2 shows a relative increase in 
the sodium content of the dolostone. This comparison of only two 
samples is far from conclusive, but it does suggest that the 
dolomitizing fluid had a higher content of sodium than that of the 
marine environment responsible for the limestone. 
Partial facies control is observed in the areal distribution of 
the dolomitization. The grain-supported oolite-shoal facies is the 
most intensely dolomitized. Probably it was the most permeable rock 
type, and therefore the primary path for the outward migration of the 
brine. The regions of lesser dolomitization within the study area 
are believed to be related to low permeability, due to fine grain 
size, inhibiting fluid migration. 
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Another controlling factor in the dolomitization is the distance 
the brine can travel before the magnesium ion concentration falls to 
a level which is more conducive to calcite formation. This 
consideration may help to explain the limestone sequences encountered. 
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SUMMARY OF ENVIRONMENTAL ND DIAGENETIC CONDITIONS 
The Middle Cambrian Blacksmith Formation is characterized by 
shallow subtidal to supratidal carbonate sequences. Four identifiable 
facies were recognized within the study area: (1) oolite shoal; 
(2) restricted lagoon; (3) low- to middle-intertidal; and (4) high-
intertidal to supratidal. These facies have an areal distribution 
controlled by the interaction of subsidence and sea level fluctuations. 
Carbonate production was greater than subsidence in the areas of 
greatest stability, causing a rapid shallowing upward, and perhaps 
local emergence. Elsewhere, carbonate production managed to keep 
pace with, or gain slightly on, subsidence. Paleogeographic recon-
struction shows intertidal and supratidal environments surrounded by 
subtidal lagoon and shoal environments, producing a carbonate bank 
within a marginal sea west of the craton. There is evidence of wide-
spread shallowing of the bank twice within Blacksmith time, once in the 
middle and again at the top of the formation. 
Early diagenetic features include fibrous rim cement, fenestral 
fabric, and minor compaction. Secondary diagenetic changes are 
dominated by the dolomitization of most of the Blacksmith Formation 
within the study area. The dolomitization is believed to be the result 
of a modified version of the seepage reflux model. The hypersaline 
brine formed in the intertidal and supratidal environments and 
percolated into the porous carbonate sediments. Due to the density of 
the brine, the descending brine displaced marine and other less-dense 
pore waters. The dolomite distribution is in part due to facies 
control of the brine movement. The grainstones show the most intense 
recrystallization and dolomitization, and are thought to indicate 
that the greatest concentration and movement of brine was within 
these porous regions. Outward movement of the brine, together with a 
subsequent decrease in the Mg:Ca ratio, are also inferred to be 
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Measured Stratigraphic Sections 
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Low- to middle-intertidal facies 
High-intertidal to supratidal facies 
The column labeled Color has been divided into thirds, the left hand 
third represents the color range from grayish-black (N2) to medium 
dark-gray (N4), the middle third represents medium-gray (NS) and 
medium-light-gray (N6), and the third on the right side of the 
column represents light-gray (N7) to white (N9). 
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Section 1 






km east of Interstate 15, 0.8 km east of the canyon mouth, 
SW/4, section 13, T. 14 N., R. 3 W., Box Elder County, Utah. 
Hodges Shale Member, Bloomington Formation 
Contact covered by shale float 
Blacksmith Formation 
Limestone, medium gray (NS), weathers to 
medium light gray (N6), fine crystalline, 
oolitic with wavy cryptalgalaminae and 
local 1 to 3cm high domal stromatolites 
(LLH), massive with local beds 2cm •••• 
Limestone, medium dark gray (N4), weathers 
to medium gray (NS), fine crystalline, 
mottled with no other structure seen on 
outcrop 
Limestone, medium gray (NS), weathers to 
medium gray (NS), fine crystalline, oolitic 
with wavy cryptalgalaminae with local 2 to 
4cm high domal stromatolites (LLH), ooids 
are in layers 3 to 5cm thick separated by 
cryptalgalaminae sequences ••••..• 
Limestone, medium gray (NS), weathers to 
medium light gray (N6), fine to medium 
crystalline, oolitic, cross laminae 
trending southeast and northwest, local 
rounded intraclast and pisolith layers, 
beds average . . . • .•••• 
Limestone, dark gray (N3), weathers to 
medium dark gray (N4), fine crystalline, 
alternation of oolitic and/or intraclast 
beds 10cm thick with 3cm beds at shaley 








Unit 1: Limestone, medium dark gray (N4), weathers 
to medium light gray (N6), fine crystal-
line, alternation of massive sequences with 
oolitic and/or intraclast beds 8cm thick, 
locally cross laminated trending northeast . 
4cm gap separated the thick bedded Blacksmith 
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Section 2 
Location: High Creek Canyon; measured west to east along the ridge 
crest south of the south fork of High Creek, approximately 
6.7km east of the canyon mouth, SW/4, section 11, T. 14 N., 







Sharp, planar contact 
Blacksmith Formation 
Dolostone, medium dark gray (N4), weathers 
to medium light gray (N6), occurrences of 
parallel laminae, thin oolitic bed in 
upper portion, beds average 12cm. 
Dolostone, medium light gray (N6), weathers 
to very light gray (NS), fine crystalline 
with coarse crystalline fenestral fabric, 
hill't of laminae, beds average 25cm .... 
Dolostone, medium dark gray (N4), weathers 
to light gray (N7), medium to fine crystal-
line, wavy cryptalgalaminae with rare 
fenestral fabric, bedding is obscure 
averaging 6cm .....•. 
Dolostone, medium light gray (N6), weathers 
to pinkish gray (5YR 8/1). Medium to coarse 
crystalline, bioturbated with local occur-
rences of oolitic layers, beds average 
15 cm • • • • • • • • • • • • • • • • • • • 
Limestone, medium dark gray (N4), weathers 
to medium light gray (N6), fine to very 
fine crystalline, massive sequences with 
recrystallized body fossils alternate with 
cross-bedded oolite beds, beds average 












Limestone, dark gray (N3), weathers 
to medium gray (NS), fine to very fine 
crystalline, fenestral fabric with 
hint of cryptalgalaminations, beds 
average 13cm .•... 
Limestone, medium gray (NS), weathers 
to medium light gray (N6), fine 
crystalline, fenestral fabric give a 
hint of lamination, possible pseudo-
morph after evaporite minerals, 
massive with local beds 2Scm thick. 
Limestone, grayish black (N2), weathers 
to medium dark gray (N4), fine crystal-
line, fenestral fabric is abundant, 
beds average 33cm ••••.••••. 
Dolomitic limestone, light gray (N7), 
weathers to very light gray (NS), very 
fine crystalline, fenestral fabric with 
hint of cryptalgalaminations, local 2-
4cm domal stromatolites (LLH), beds 
average 30cm • • . • . • . • . • . . • 
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Location: Little Bear Creek Canyon; measured west to east on west 
side of the canyon, 1.2km east of U.S. Highway 89, SW/4, 
section 11, T. 13 N., R. 4 E., Cache County, Utah. 










Dolostone, light gray (N7), weathers 
to pinkish gray (SYR 8/1), very fine 
crystalline, fine cryptalgalamina-
tions 1 to 3mm, beds average 4cm 
with erosional contacts separate 
beds, small channel (m by 0.3m) near 
top . . . . . . . . . . . . . . . . . 
Dolostone, medium gray (NS), weathers 
to medium gray (N6), fine to medium 
crystalline, oolitic, northeast 
trending cross laminae near base, 13m 
covered interval in lower half, ooids 
grade from grain supported in matrix 
supported and become mottled in the 
upper half, beds average lm .••.• 
Dolostone, very light gray (N8), weathers 
to pinkish gray (SYR 8/1), medium crystal-
line, recrystallized in lower two-thirds, 
only relect fenestral fabric present 
locally, grades to fine cryptalgalaminae 
(2 to 4mm) • • • • . . • • . • 
Dolostone, medium gray (NS), weathers 
to medium light gray (N6), medium crystal-
line, moderate mottling with isolated 
vertical burrows, beds average 10cm in 
lower portion, with a decrease to 5cm 





Unit 1: Dolostone, medium dark gray (N4), weathers 
to medium light gray (N6), fine to medium 
crystalline, wavy alternation of fine to 
medium grain sizes with a high of oolites 
in a mud matrix, elsewhere massive .... 
Slightly irregular contact, upper surface of 
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Section 4 
Location: Smithfield Canyon: Measured east to west along the ridge 
crest 2.0km north of U.S. Forest Service Smithfield Canyon 






Silty limestone of the Hodges Shale Member, Bloomington 
Formation 
Abrupt, planar contact 
Blacksmith Formation 
Dolostone, light gray (N7), weathers 
to very light gray (NS), fine crystal-
line, cryptalgalaminated (lnnn), with 
local scours . . • . • . ..•. 
Dolostone, medium gray (NS), weathers 
to medium gray (NS), and light gray 
(N7), fine crystalline, minor to exten-
sive mottling, few vertical burrows 
distinguished, local beds of ooids and 
intraclast, beds average 15cm 
Dolostone, light gray (N7), weathers 
to very light gray (NS), fine crystal-
line, mottled, grades to fine lamina-
tions at upper contact, styolite are 
abundant throughout • . . . 
Dolostone, medium light gray (N6), 
weathers to light gray (N7), medium to 
coarse crystalline, oolitic to piso-
lithic in beds 2 to 5cm, hint of 
ripples •••.•..•.•••.• 
. . . ... 
Dolostone, very light gray (NS), weathers 
to pinkish gray (SYR, 8/1), medium to 
coarse crystalline, hint of mottling 















Dolostone, medium gray (NS), weathers 
to medium gray (NS), contains white 
blebs and stringers which appears to 
be recrystallized body fossils . 
Dolostone, medium gray (N6), weathers 
to light gray (N7), fine crystalline, 
grades from faint silty, wavy lamina-
tions (3mm) to well developed cross 
laminated beds 10cm thick, peloidal 
with local intraclast layers ..•• 
Dolostone, medium light gray (N6), weathers 
to light gray (N7), fine to medium crystal-
line, beds 2 to 4mm alternate with ones 
10cm thick, thin beds disappear in upper 
portions of the unit . • . . • . •· 
Dolostone, medium light gray (N6), weathers 
to very light gray (N8), fine crystalline, 
alternation from fine laminations to 
mottled light and dark layers . . 
Dolostone, medium gray (NS), weathers 
to medium gray (NS), fine crystalline, 
extensive mottling, with only a few dis-
tinct burrows, both horizontal and 
vertical burrows are present, local 
angular intraclast storm rip-up is present 
Dolostone, medium dark gray (N4), weathers 
to medium gray (NS), medium to coarse 
crystalline, highly mottled, with local 
occurrences of intraclasts .•.• 
Dolostone, very light gray (N8), weathers 
to very light gray (N8), medium crystal-
line, mottled to massive with local medium 
light gray (N6), beds lm thick with fenes-
tral fabric, solution breccia zones 0.6m 














Dolostone, medium light gray (N6), weathers 
to light gray (N7), fine crystalline, 
mottled, dark yellowish orange (lOYR, 6/6) 
wavy laminations (7mm) encountered near 
upper contact, local occurrence or rounded 
intraclasts . . . . .....•..• 
Dolostone, medium light gray (N6), weathers 
to light gray (N7), medium crystalline, 
ooids, pisoliths and rounded intraclasts, 
isolated cross-laminated beds 10-30cm 
thick with planar lower and upper contacts, 
trending east-west, mottling and burrows 
encountered in 7m interval in the central 
portion of the unit .•....... 
Dolostone, medium gray (NS), weathers 
to medium gray (NS), finely crystalline, 
minor to moderate mottling with little 
other structure observed ...••••. 
Contact gradational, change from massive 
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Section 5 
Location: Left Fork Canyon; measured south to north on north side of 
Forest Service access road, 0.8km east of Bear Hollow, 






Hodges Shale Member, Bloomington Formation 
Sharp, planar contact 
Blacksmith Formation 
Dolostone, (dolomitic limestone in upper 
3m), medium light gray (N6), weathers to 
light gray (N7), fine crystalline, oolitic 
to pisolithic, low angle cross-laminae 
trending northeast •.•......... 
Dolostone, medium dark gray (N4), weathers 
to medium gray (NS), medium crystalline, 
peloidal, with extensive solution breccia-
tion and fenestral fabric, beds average 
5cm . • . . • . . • • . 
Dolostone, light gray (N7), weathers to 
very light gray (N8), fine crystalline, 
wavy cryptalgalaminations (1 to 2mm) with 
local domal stromatolites (LLH) 1 to 2cm 
high, local storm rip-up layers 
Dolostone, very light gray (N8), weathers 
to light gray (N7), medium crystalline, 
fenestral fabric, major zone of solution 
brecciation 12m thick, with numerous 
occurrences of thin brecciated layers 0.3m 
thick . • . • • . . • • . • . . • . . 
Dolostone, medium dark gray (N4), weathers 
to medium light gray (N6), fine crystalline, 
bedded (3cm) near the base, becomes moder-









Gradational contact, slight change in bedding 
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Section 6 
Location: Rock Creek Canyon; measured north to south up the canyon 
side south of Rock Creek, section 25, T. 11 N., R. 4 E., 
Cache County, Utah. 
Bloomington Formation 
Contact and upper portion of section covered, thickness 
unknown. 








Dolomitic limestone, medium light gray 
(N6), weathers to light gray (N7), very 
fine crystalline, wavy cryptalgalamina-
tions (1mm), bioturbated for 4m in 
central portion, which grades back to 
cryptalgalaminations, beds average 60cm 
Calcareous Dolostone, medium gray (NS), 
weathers to medium gray (NS), fine crystal-
line, fenestral fabric with hint of lamina-
tion, local occurrences of ooids within the 
fine matrix, massive ...••.•..•• 
Dolostone, very light gray (NS), weathers 
to light gray (N7), fenestral fabric gives 
hint of lamination fenestral fabric becomes 
increasingly abundant near the upper con-
tact, massive . . . . • ..... 
Dolostone, light gray (N7), weathers to 
light gray (N7), coarse crystalline, parallel 
laminated (3mm) near the base, bioturbated in 
the central and upper portions, oolitic with 





Incomplete total 56.2 
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Section 7 
Location: Blacksmith Fork Canyon; measured south to north on north 
side of Utah Highway 101, 14.3km east of bridge at canyon 







3 E., Cache County, Utah. 
Hodges Shale Member, Bloomington Fonnation 
Contact planar with possible weathering rind on the 
bedding surface below the contact 
Blacksmith Formation 
Dolostone, medium light gray (N6), weathers 
to medium gray (NS), medium crystalline, 
ooids and rounded intraclasts throughout, 
local cross laminae and ripples, beds 
average 8cm . . . . . . . . . . . . . 
Dolostone, medium gray (NS), weathers 
to light gray (N7), fine to medium crystal-
line, cryptalgalaminations (2nnn) near the 
base grades to silty planar laminations 
near the top, beds average 3cm .... 
Dolostone, medium dark gray (N4), weathers 
to medium gray (NS), medium crystalline, 
fenestral fabric in lower portions with 
mottling in the upper half ..•...• 
Dolostone, medium light gray (N6), weathers 
to medium gray (NS), medium crystalline, 
fenestral fabric throughout, local band of 
solution breccia 0.6m thick •.... 
Dolostone, medium gray (NS), weathers to 
medium gray (NS), medium crystalline, oolitic 
and cross laminated throughout, laminations 
4mm, beds average 10cm •••• 
Dolostone, light gray (N7), weathers to 
medium light gray (N6), medium crystalline, 
fenestral fabric throughout, local bands of 














Dolostone, medium dark gray (N4), weathers 
medium light gray (N6) to light gray (N7), 
medium crystalline, mottled with local 
occurrences of ooids, highly oolitic and 
cross laminated for 3m in central portion 
of the unit . . . .••...... 
Dolostone, very light gray (N8), weathers 
to light gray (N7), very fine crystalline, 
fine cryptalgalaminations (1mm) with local 
occurrence of domal stromatolites (LLH) 
3cm high, periodic storm rip-up layers 0.5 
to 10cm thick, beds average 20cm • . 
Dolostone, medium light gray (N6), weathers 
to medium light gray (N6), medium crystal-
line, fenestral fabric grades into cryptal-
galaminae near the top, local bands of 
solution breccia O.Sm thick . . .. 
Dolostone, medium dark gray (N4), weathers 
to medium dark gray (N4), medium to fine 
crystalline, fenestral fabric and local 
mottling, isolated occurrences of solution 
breccia in bands 10 to 50cm thick 
Dolostone, medium gray (NS), weathers to 
medium light gray (N6), medium crystalline, 
of ooids, mottled at the base and grades to 
distinct laminations 0.5 to 2cm thick ... 
Irregular dolostone-limestone contact, 
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Section 8 
Location: Cateract Canyon; measured southwest to northeast on the 
north side of the canyon, 0.7km east of canyon mouth, 
2.0km east of Utah Highway 69, SW/4, section 17, T. 10 
N., R. 2 W., Box Elder County, Utah. 
Hodges Shale Member, Bloomington Formation 










Dolostone, medium gray (NS), weathers 
to medium light gray (N6), fine crystal-
line, highly oolitic at the base and 
grades to mottled and matrix bearing at 
the top . . • . . . ....• 
Dolostone, medium light gray (N6), 
weathers to light gray (N7), coarse 
crystalline, fenestral fabric bearing, 
massive with only a faint hint of 
lamination (3cm), layers of solution 
breccia 0.3 to lm thick locally ... 
Dolostone, very light gray (NB), weathers 
to very light gray (NB), fine crystalline, 
parallel to wavy cryptalgalaminae (l-2mm) 
with local slightly domed stromatolites 
parting 2-Scm apart ....•..•... 
Dolostone, medium light gray (N6), weathers 
to light gray (N7), fenestral fabric 
bearing, massive with isolated layers of 
solution breccia ranging in thickness 








Dolostone, banded medium gray (NS) 
and very light gray (NS), weathers to 
medium light gray (N6) and very light 
gray (NS), fine crystalline, alterna-
tion of light and dark bands 2mm to 
10cm with parallel laminations, with 
local cross lamination, scours and 
channels 0.3m wide and 3-Scm deep •• 
Dolostone, very light gray (NS) to 
pinkish gray (SYR 8/1), weathers to 
pinkish gray (SYR 8/1), very fine 
crystalline, massive near base, hint 
of parallel laminations (1cm) and 
bedding (0.3) in upper portion 
Dolostone, medium light gray (N6), 
weathers to very light gray (NS), fine 
crystalline, thin bedded (3cm) near 
base, grades into oolitic cross laminae 
and scours abundant .•.•..•..• 
Irregular dolostone-limestone contact-
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Location: East Canyon; measured east to west along access road in 
the canyon bottom, 100m west of East Canyon-Scare Canyon 





Hodges Shale Member, Bloomington Formation 
Sharp, planar contact 
Blacksmith Formation 
Dolostone, medium gray (NS), weathers to 
medium gray (NS), fine crystalline, 
finely laminated (1 to 4mm) with slight 
mottling in lower half, grades to intense. 
mottling near top, beds when seen are 4cm 
thick, elsewhere massive •..•.•. 
Dolostone; medium gray (NS), weathers 
to light gray (N7), fine crystalline, 
oolitic, mottled near base, grades quickly 
into thick sequences of pure oolite, 
locally beds (1 to 4cm) of intraclasts 
and pisoliths are encountered, isolated 
rippled beds in upper third .••.. 
Dolostone, medium gray (NS), weathers 
medium gray (NS), to medium light gray 
(N6), fine crystalline, mottled through-
out unit with isolated occurrences 
of bedding, ooids encountered near 
upper contact . . • . . • . • • • • . . • • • . 
Contact planar, change from thick bedded to 
thin bedded, lower 3 meters of the Blacksmith 
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Explanation of Appendix B 
Grain descriptions. The grain descriptions, found within the 
rock name enclosed within parentheses directly before the grain, 
indicate grain-shape, rounding, average size, and size range. Grains 
without an apparent range in size, list only the average grain size. 
All sizes are presented numerically using metric units. The meaning 
of the abbreviated terms used in grain shape and rounding descriptions 
are given below. 
Grain shape Rounding 
BL - Bladed A - Angular 
SE - Subequant SR - Sub round 
E - Equant R - Round 
Samples with an asterisk (*) following the rock name have been 
described using polished slabs; the remaining samples were named and 
described using petrographic thin sections. 
Samples in which visible changes in depositional texture were 
recorded had both textures analysed separately for insoluble residue. 
The average insoluble residue of the sample is recorded first, the 
values within parentheses represent the insoluble residues of the 
separate textures. An explanation of each analysed subsample is 
given at the end of Appendix B. 
Relative insoluble mineral abundance. Once mineral identification 
by X-ray diffraction was completed, the relative abundance of each 
mineral was determined from peak intensity. The· relative intensities 
were obtained by reading the 100% peak intensity of each mineral 
131 
directly from the chart readout. Although very crude, this method 
gave some idea of compositional variations occurring throughout the 
stratigraphic sequence, In order to rank the intensities it was 
assumed that: (1) the crystallinity of each mineral was the same; 








Section Unit Rock Name 















Organic rich, (SE-E, R, 
.lmm) pelletal pack-
stone 
Partially dolomitic, (SE, 






















Quartz(lOO+), Albite(84), Illite 













Sample No. Section Unit 
GC 10-24-8 1 3 
GC 10-24-9 1 3 
GC 10-24-10 1 4 
GC 10-24-11 1 4 









Partially calcareous, (E, 
R, .5mm) oolite-bearing 
cryptalgalaminated dolo-
mite wackestone 
Partially dolomitic, (BL,A, 
2mm, 2mm-2cm) cryptalgal-

































Sample No. Section 
GC 10-24-13 1 
GG 10-24-14 1 
Unit Rock Name 
6 Partially dolomitic, wavy 
to domed (LLH-S,lcm-3cm) 
cryptalgalaminated (E,R, 

















Sample No. Section Unit 
HC - 1 2 1 
HC - lA 2 1 
HC - 2 2 2 
HC - 3 2 3 
HC - 2 2 4 
HC - 4A 2 4 
Rock Name 
Birdseye- and (SE,SR,R, 
.4mm,.2mm- .6mm) pellet-
grapestone-bearing (SE-E, 







and (SE,SR-R, .Smm, .3mm-
• 7mm) pellet-grapestone-





































Sample No. Section Unit 
HC - 5 2 5 
HC - SA 2 5 
HC - 6 2 6 
HC - 6B 2 6 
HC - 6A 2 6 
HC - 7 2 7 
Rock Name 
Partially dolomitic, (SE-E, 
R.,6mm,.3mm-3mm) peloidal 
packs tone 





(SE-E,SR-R, .2mm, .5mm-5mm) 





Organic rich, (SE,SR-R,3mm, 




peloid dolomite packstone* 
Birdseye- and (SE-E,R,.lmm) 
peloid-bearing wavy to 




















Sample No. Section Unit Rock Name Percent Composition and Relative Intensity 
HC - 8 2 8 Birdseye-bearing (SE-E, R, 0.8 Microcline(42), Kaolinite (32), 
. 2nnn) peloid dolomite Illite(28) 
packs tone 
HC - 9 2 9 Laminated to slightly 0.7 Quartz(25), Illite(23), Feldspar 
bioturbated (SE-E,R, (20) 
. 25mm,. lnnn-. 5mm) peloidal 
dolomite packstone* 
HC - 9A 2 9 Bioturbated (SE-E, R,. limn) 0.7 Quartz(99), Microcline ( 40), 
peloidal dolomite Illi te (3 7) , Kaolinite(24) 
packs tone* 
Sample No. Section Unit 
FC 8-27-1 3 1 
FC 8-27-2 3 2 
FC 8-2 7-3 3 3 
FC 8-27-4 3 3 
FC 8-27-5 3 3 
FC 8-2 7-6 3 3 











.lmm) peloidal dolomite 
packs tone 
Birdseye-bearing (SE-E,R, 





(E,R,lmm) oolite wackestone 











Composition and Relative Intensity 
Quartz(l00+), Illite(40), 








Microcline ( 41) 
Quartz(l00+), Illite(45), 





Sample No. Section Unit 








Composition and Relative Intensity 
Quartz(lOO+), Illite(l9) 
Sample No. Section Unit 
SF 8-12-24 4 1 
SF 8-12-23 4 2 
SF 8-12-22 4 2 
SF 8-12-21 4 2 
SF 8-12-20 4 3 
SF 8-12-19 4 3 
SF 8-12-18 4 4 
Rock Name 
Bioturbated (SE-E,R, 


































Composition and Relative Intensity 
Quartz(l00+), Illite(51), 











Illi te (17) 
Microcline(l00+), Illite(48) (65), 
Kaolinite(l9) (17) 
Sample No. Section 
SF 8-11-17 4 
SF 8-11-16 4 
SF 8-11-15 4 
SF 8-11-14 4 
SF 8-11-13 4 
SF 8-11-12 4 
SF 8-11-11 4 
Unit Rock Name 







bearing (E,R,.2mm) peloidal 
dolomite grainstone* 
6 Fossil fragment- and (BL-SE, 
A-SR,2mm,l.Smm-5mm) intra-
clast-layered horizontally 
burrowed dolomite mudstone* 
6 Vertical burrow-bearing (SE-





.2mm) peloidal dolomite 
wackes tone* 
Cryptalgalaminated (SE-E,R, 
.lmm) pelletal dolomite 
packs tone 
Insoluble Residue 
Percent Composition and Relative Intensity 
1.2 Illite(64), Microcline(37), 
Kaolinite(30) 
0.4 Illite(64), Quartz(57), Micro-
cline(38), Pyrite(21) 
0.4 Illite(60), Quartz(54), Pyrite 
(40), Microcline(32) 
2.8 Quartz(l00+), Microcline(40), 
Illite(36) 








Sample No. Section 
SF 8-11-10 4 
SF 8-11-9 4 
SF 8-11-8 4 
SF 8-11-7 4 
SF 8-11-6 4 
SF 8-11-5 4 
SF 8-11-4 4 
Unit Rock Name 
8 (BL-SE,R,lmm-2mm) intra-
clast-bearing (E,R,.5mm-lmm) 
peloidal dolomite gainstone 
9 (BL-SE, SR-R, . 5mm,. 2mm-lnun) 
peloid-bearing (SE-E,R,.lmm) 
pelletal dolomite packstone 
10 Fossil-bearing (SE-E,R,.lmm) 
pelletal dolomite packstone 
11 Medium crystalline dolostone 
12 (SE-E,R,2mm,lmm-4mm) intra-
clast-bearing (SE-E,R,.lmm) 
































Sample No. Section 
SF 8-11-3 4 
SF 8-11-2 4 








Bioturbated, light (N7), 
limemud and dark (N4) (SE-E, 






















Sample No. Section 
LF 9-1-1 5 
LF 9-l-2A 5 
LF 9-l-2B 5 
LF 9-2-3 5 
LF 9-3-4 5 




















.lrnm) peloidal dolomite 
wackes tone 
Solution breccia- and 
birdseye-bearing (SE-E, 











































(SE-E,R,.5IIIlll) peloidal dolo~ 
mite grainstone* 
Solution breccia-bearing (SE-
E,R,.2IIIlll) peloidal dolomite 
packs tone* 
Rippled, (BL-SE,R, .5nun, 





















@Sample LF 9-1-1 is from the base of the Blacksmith Formation one ridge east of the measured section. 
Sample No. Section Unit 
RC 9-28-1 6 1 
RC 9-28-2 6 2 
RC 9-28-3 6 3 
RC 9-28-4 6 3 
RC 9-28-5 6 4 
RC 9-28-6 6 4 
Rock Name 
Parallel laminated sub-
hedral to euhedral, medium 









solution banded, (E,R, 
.5mm,.5mm-lmm) oolite- and 
birdseye-bearing (SE-E,R, 
.lmm) pelletal dolomite 
packs tone 
Partially dolomitic, organic 
rich, (SE-E,R, .2mm, .lmm-
.5mm) pelletal grainstone 


























Sample No. Section Unit 
RC 9-28-7 6 4 
Rock Name 
Partially dolomitic, 






Composition and Relative Intensity 
Quartz(lOO+), Illite(20), 
Pyrite(lO) 
Sample No. Section Unit 
BF 8-3-24 7 1 
BF 8-3-23A 7 2 
BF 8-3-23B 7 3 
BF 7-24-21 7 3 
BF 7-24-22 7 3 
BF 7-24-20 7 3 
Rock Name 
Thin micritic layers in 








Fossil- and (SE,SR-R, 
3mrn,2mm-3cm) intraclast-
bearing ( SE-E, R, . 2mm, • lmrn-
• Smrn) peloidal dolomite 
grains tone* 
Brecciated, birdseye-






































Section .Unit Rock Name 
7 4 Domal (LLH-S,lcm-3cm) 
cryptalgal micritic 
dolomite boundstone* 




7 4 Cryptalgal-rip-up 
layered cryptalgalaminated 
dolomite mudstone* 









Solution layer- and 
birdseye-bearing (SE-E,R, 
.2mm) peloidal dolomite 
packs tone* 
Birdseye-bearing (SE,E,R, 































Sample No. Section Unit Rock Name Percent Composition and Relative Intensity 
BF 7-21-12 7 6 Birdseye-bearing (SE-E,R, 1.0 Illi te ( 86) , Microcline (80), 
• 2nnn) peloidal dolomite Quartz(40) 
packs tone* 
BF 7-18-11 7 7 Cross-laminated (SE-E, R, 0.5 Quartz(l00+), Microcline (72), 
. 3mm, . lmm-. 5mm) peloidal Illite(35) 
dolomite grainstone* 
BF 7-18-10 7 8 Birdseye-bearing (SE-E, R, 0.8 Quartz(l00+), Microcline ( 86), 
.2mm) peloidal dolomite Illite (39) 
packs tone* 
BF 7-18-9 7 8 Birdseye-bearing (SE-E,R, 1.3 Quartz(l00+), Microcline(68), 
.2mm) peloidal dolomite Illite(38) 
packs tone* 
BF 71-16-4 7 9 Solution banded, (SE,SR, 1.2 Microcline(68)(77), Illite(40) 
1mm) peloid- and (BL-SE, (0.l)k (60), Quartz (35) (50), Kaolinite 
R, 4mm, 2mm-13mm) intraclast (2.3)1 (15) 
dolomite packstone* 
BF 7-16-3 7 9 Bioturbated (SE-E,R,.2mm, 1.5 Quartz(l00+), Microcline (30), 
.lmm-.5mm) peloidal dolo- Illite 
mite wackestone,~ 
BF 7-16-2 7 10 Bioturbated (BL-SE, SR-R, 2.0 Quartz(l00+), Illite (38), Micro-
5mm, 2mm-2cm) intraclas t- cline(22) 





Sample No. Section Unit Rock Name Percent Composition and Relative Intensity 
BF 7-16-1 7 10 Finely laminated micritic 1.5 Quartz(l00+), Illite(27) 
dolomite mudstone* 
BF top 7 11 Cross-laminated (E,R, .Smm 2.0 Quartz(l00+), Illite(29) 
.2mm-.5mm) oolitic dolo-








Section Unit Rock Name 
8 Ute (E,R,.5mm-lmm) oolite-






8 2 Blocky anhedral coarsely 
crystalline dolostone* 




8 4 Birdseye-bearing (SE-E,R, 
.2mm,.lmm-lmm) peloidal 
dolomite packstone 




Percent Composition and Relative Intensity 
7.6 Quartz(l00+), Illite(38), 
Kaolinite(29), Albite(23), 
Chlorite(l3) 
5.8 Quartz(l00+), Illite(81), 
Microcline(29), Kaolinite(28), 
Albite(20), Montmorillonite(l2) 
0.5 Quartz(80), Illite(70), 
Microcline(26), Albite(24), 
Kaolinite(23), Pyrite(l8) 
1.0 Quartz(82), Illite(77), Micro-
cline(41), Kaolinite(21) 
0.3 Illite(l00+), Quartz(40), 
Microcline(40), Kaolinite(32), 
Albite(29), Pyrite(l8) 





Sample No. Section Unit 
CF 9-15-6 8 4 
CF 9-15-7 8 4 
CF 9-15-8 8 4 
CF 9-15-9 8 5 
CF 9-15-10 8 6 
























1mm) oolitic dolomite 
grains tone 
Insoluble Residue 
Percent Composition and Relative Intensity 
0.3 Illite(87), Quartz(75), Kaolinite 
(21), Pyrite(20) 
0.3 Illite(l00+), Quartz(90), 
Kaolinite(36), Microcline(29), 
Albite(26), Pyrite(lS) 













Section Uni·t Rock Name 













Sample No. Section Unit Rock Nrune Percent Composition and Relative Intensity 
EC 8-16-1 9 1 Bioturbated (SE-E,R, 0.7 Microcline (92), Quartz(60), 
. bran-. 2mm) peloidal Illite(47) 
dolomite wackestone* 
EC 8-16-2 9 1 Bioturbated (SE-E,R, 0.4 Quartz(l00+), Illite (7 4) , 
.lmm-2mm) peloidal Microcline (28), Kaolinite(26), 
dolomite packstone* Pyrite(20) 
EC 8-16-3 9 2 (SE-E,SR,R,lmm-2mm) 1.6 Quartz(l00+), Illite(l2), 
peloid-bearing (E, R, Pyrite(9) 
1mm) oolitic dolomite 
packs tone* 
EC 8-16-4 9 2 (SE-E, SR-R,. 5mm) 0.3 Illite(40) 
peloidal dolomite 
grains tone* 
EC 8-16-5 9 2 (SE-E, R,. 8mm,. 5mm-lmm) 0.4 Illite (36) 
peloidal dolomite 
grains tone* 





EC 8-16-7 9 2 (E, R,. 3mm) oolitic dolo- 0.5 Illite(72), Quartz(50), 




Sample No. Section Unit Rock Name Percent Composition and Relative Intensity 
EC 8-16-8 9 2 (E,R,.2mm) peloidal 0.6 Quartz(95), Illite(76) 
dolomite grainstone* 
EC 8-16-9 9 3 Bioturbated (SE-E,R, 1.5 Quartz (94), Illite(32), 
























RC 9-28- 4 





BF 7-16- 4 




Cryptalgal mat layers 
Cryptalgal mat storm rip-up Jayers 
Light (N7) peloid bearing layers 
Dark (N3) pellet bearing layers 
Pelletal packstone characteristic 
of sample 
Chevron patterned band 
Cryptalgal mat layers 
Cryptalgal mat storm rip-up layers 
Fine grained micritic layers 
Peloidal layers 
Solution bands and brecciation 
Intraclast packstone 
Peloidal packstone characteristic 
of sample 
Chevron patterned band 
